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TIMBER-PRESERVING  METHODS  AND  APPLIANCES. 


Eead  before  the  Technical  Society  of  the  Pacific  Coast,  December  7,  1894.* 


By  W.  G.  Curtis,  Member  of  the  Society. 

This  paper  is  intended  less  as  a  general  review  of  wood-preserving 
appliances  than  as  a  description  of  a  portable  wood-preserving  plant 
recently  put  into  successful  use  on  the  Pacific  System  lines  of  the  South- 
ern Pacific  Company,  with  a  concise  statement  of  the  methods  of  using 
this  plant  for  burnettizing  ties.  It  presents  to  the  Society  also  some 
brief  notes  on  the  modifications  of  the  ordinary  methods  of  creosoting 
timber,  as  practiced  at  the  fixed  creosoting  plant  in  Oakland.  These 
modifications  were  found  necessary  in  order  to  creosote  successfully 
Pacific  Coast  timbers,  and  they  resulted  in  more  satisfactory  treatment 
of  the  timber,  coupled  with  a  decrease  in  the  expense,  as  compared  with 
ordinary  methods. 

The  chief  source  of  supply  for  railroad  ties  on  the  Pacific  Coast  is 
drawn  from  the  California  redwood  timber  region  ;  but  the  redwood  tim- 
ber, while  very  durable  with  respect  to  decay,  is  a  soft  timber  and  re- 
quires tie-plates  for  the  best  results  under  considerable  traffic.  Hence  a 
large  portion  of  the  tie  supply  for  Nevada,  Utah,  Northern  California 
and  Oregon  can  be  most  economically  drawn  from  the  pine  and  fir  for. 
ests  of  Oregon  and  from  the  Sierra  Nevada  range  in  California.  The 
supply  points  for  this  timber,  however, are  widely  separated,  the  distance 
between  the  most  easterly  and  the  most  northerly  supply  being  789  miles. 

•  Manuscript  received  May  31,  1895. — Secretary,  Asa'n  of  Eng.  Socs. 
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Intervening  between  these  two  points  are  high  mountain  ranges,  the  rise 
and  fall  of  grades,  westerly  and  northerly,  between  these  two  points 
being  respectively  10,800  and  15,500  feet. 

The  Southern  Pacific  Company's  experience  on  their  Atlantic  Sys- 
tem lines,  as  well  as  the  results  of  some  experiments  made  in  California, 
demonstrates  the  economy  of  treating  the  pine  and  fir  ties  with  zinc 
chloride. 

One  wood-preserving  plant,  having  a  capacity  for  treating  about 
2,500  ties  per  twenty-four  hours,  is  amply  large  to  burnettize  all  of  the  ties 
required  for  the  Southern  Pacific  lines  naturally  supplied  with  ties  from 
the  pine  and  fir  forests.  The  conditions  are  such,  however,  that  to  locate 
the  plant  at  a  station,  in  the  ordinary  way,  would  involve  a  very  great 
cost  for  hauling  the  ties  from  delivery  points  to  the  wood-preserving 
works  and  thence  to  point  of  use.  The  cost  of  four  fixed  plants,  which 
would  be  required  in  order  to  reduce  the  cost  of  transportation  to  reason- 
able limits,  was  also  prohibitory.  These  difficulties  led  to  the  design  of 
a  portable  plant,  which  was  put  into  operation  in  June,  1894.  The  pho- 
tograph before  you  shows  the  plant  as  assembled  for  the  treatment  of  ties 
by  the  burnettizing  process  at  Chestnut  Station,  California. 

The  plant  comprises  all  of  the  appliances  essential  for  creosoting, 
burnettizing,  and  all  of  the  ordinary  wood-preserving  processes ;  one  car 
carrying  two  steam  boilers,  steam  winch,  tools,  wire  rope,  etc.,  one  car 
carrying  superheater,  measuring  tank,  force  pump,  air  and  circulating 
pump  and  condenser,  two  cars  each  carrying  three  wooden  supply  tanks 
for  holding  the  preservative  fluid,  each  tank  having  a  capacity  of 
4,000  gallons,  or  a  total  capacity  of  24,000  gallons,  and  two  retorts, 
each  six  feet  diameter  by  114  feet  long,  divided  into  two  sections,  each 
section  carried  on  two  heavy  car  trucks.  This  plant,  made  up  into  a 
train  of  eight  cars,  made  its  initial  journey  from  Sacramento,  California, 
to  Cornelius,  Oregon,  706  miles,  last  May,  passing  over  3.3  per  cent, 
grades  and  around  the  14-degree  curves  of  the  Siskiyou  Mountains 
without  difficulty. 

ARRANGEMENT   OF   TRACKS. 

There  are  two  arrangements  of  tracks  used  with  this  plant :  First, 
when  the  bulk  of  the  ties  treated  are  for  local  distribution,  and  second, 
when  the  ties  are,  in  the  main,  to  be  shipped  to  more  or  less  distant 
points.  In  the  first  case,  a  through  track  is  laid  alongside  of  each  retort ; 
the  tank  and  machinery  cars  are  then  placed  on  tracks  beyond  or  outside 
of  these  tracks,  ties  are  received  on  flat  cars,  loaded  thence  on  the  retort 
trucks  for  treatment,  passed  through  the  retorts  and,  on  emergence  at 
the  further  end  of  the  retorts,  are  in  position  to  unload  on  the  same  cars 
on  which  they  were  received ;  these  flat  cars  having  in  the  meantime 
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been  moved  along  the  through  tracks,  past  the  retorts,  to  their  new 
position  for  receiving  loads.  In  this  plan  of  working,  it  is  necessary  to 
provide  one  empty  flat  car  with  every  four  loaded  cars  when  received  at 
the  works,  as  the  increased  weight  of  ties  by  treatment  necessitates  the 
loading  of  fewer  per  car. 


In  the  second  case,  it  is  not  necessary  to  run  the  tracks  through  the 
works,  as  the  ties  are,  in  the  main,  received  on  flat  cars  and  loaded  for 
distribution  in  box  cars,  so  that  both  loaded  and  unloaded  cars  are 
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switched  in  on  their  respective  tracks,  and  afterwards  pulled  out  in  the 
direction  from  which  the  cars  come. 
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Tracks  for  Portable  Plant. 

In  both  cases  a  slight  grade  is  given  to  the  loading  and  unloading 
tracks  in  such  direction  as  is  most  convenient  for  moving  the  cars  by 
hand,  without  necessitating  the  continuous  use  of  a  locomotive  at  the 
works. 

SETTING   UP. 

The  ground,  tracks  and  foundations  (made  of  tie  blocking),  having 
been  prepared  for  the  reception  of  the  plant,  the  retorts  are  run  into 
position,  lined  up  and  adjusted  to  height  by  jackscrews,  which  form  part 
of  the  trucks  supporting  the  retorts  ;  the  trucks  are  then  blocked  up  with 
steel  wedges  so  as  to  take  the  weight  off  the  springs,  and  the  trucks  at 
the  center  joint  are  blocked  lengthwise.  The  end  trucks  are  free  to 
move  endwise,  so  as  to  act  as  expansion  rollers.  The  middle  connection 
between  the  halves  of  each  retort  is  then  made,  the  tank  and  machinery 
cars  are  run  into  position  and  pipe  connections  made.  All  large  pipe 
connections  between  machinery  cars,  tank  cars  and  the  retorts  are  made 
with  ball  and  expansion  joints  ;  the  latter  allow  a  play  of  some  four  feet, 
so  that  inequalities  of  track,  both  in  height  and  distance,  are  provided 
for.  The  smokestack  is  raised  with  a  gin  pole  and  guyed ;  the  winch  is 
placed  in  and  below  one  of  the  end  platforms  and  between  the  treating 
tracks,  so  that  the  engineer  can  see  the  charge  as  he  works  the  winch. 
The  wire  cable  for  handling  the  charges  is  run  under  the  platforms, 
from  the  winch  to  a  snatch  block  at  each  end  of  the  platforms,  thence  it 
returns  on  top  of  each  platform. 

PROCESS   OP   CHARGING   AND   HANDLING   TIES. 

The  ties  received  at  the  works  are  placed  on  tracks  adjoining  the 
retort  platforms,  and  are  thence  transferred  directly  to  the  retort  trucks, 
being  laid  thereon  in  bunches  cylindrical  in  form,  bound  together  and  to 
the  trucks  by  small  chains,  "sticking"   pieces  of  iron  one-quarter  to 
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three-eighths  of  an  inch  thick  being  placed  between  each  layer  of  ties. 
Two  ropes  called  "pennants"  are  strung  under  the  charge.  These  are 
wire  ropes  having  an  eye  in  each  end,  and  are  a  little  longer  than  a 
charge  of  ties.  One  end  of  a  pennant  is  fastened  to  the  foremost  truck 
and  one  end  of  the  other  is  fastened  to  the  hindmost  truck ;  the  back 
rope  from  the  winch  is  fastened  to  the  former,  and  the  pulling  rope  to 
the  latter,  so  that  the  charge  is  hauled  into  the  retorts  by  pulling  on  the 
hindmost  truck,  which  pushes  those  ahead  into  the  retort.  The  object  of 
this  is  to  dispense  with  couplings  between  trucks,  and  so  economize  room 
in  the  retorts.  As  the  length  of  the  retort  is  about  the  same  as  that  of 
a  charge  of  ties  (fourteen  lengths),  it  is  necessary  for  the  engineer  to 
place  the  charge  quite  accurately.  The  object  of  the  connection  with 
the  back  rope  from  the  winch  is  to  enable  the  engineer  to  reverse  and 
pull  the  charge  slightly  back  in  case  it  overruns,  as  occasionally  happens, 
or  to  stop  the  load  accurately  by  braking  the  back  line.  The  charge 
having  been  run  into  the  retort,  the  winch  lines  are  unhooked  from 
the  pennants,  and  the  ends  of  the  latter  thrown  under  the  charge. 
The  doors  of  the  retorts  are  now  closed  and  screwed  up  by  hand 
wrenches.  On  the  first  screwing  up  of  the  retorts,  not  much  trouble 
is  taken  to  get  them  quite  tight,  as  this  can  be  better  done  later  on 
when  the  vacuum  is  started  in  the  retort. 

METHOD    OF    BURNETTIZING   TREATMENT    FOR    RAILROAD   TIES. 

(1)  The  charge  is  run  in  and  the  heads  or  doors  closed  and 
bolted  up. 

(2)  A  preliminary  vacuum  is  begun ;  this  is  rim  up  to  about 
twenty  inches.  During  this  vacuum  the  doors  are  bolted  up  tightly. 
This  vacuum  process  requires  about  ten  minutes. 

(3)  Live  steam  is  let  in  at  about  thirty  pounds  pressure,  and 
continued  for  about  four  hours  and  a  half.  It  is  then  blown  off, 
requiring  half  an  hour.  During  this  steaming  and  blowing  off,  the 
retorts  are  drained. 

(4)  A  second  vacuum  is  created,  of  from  twenty-two  to  twenty-six 
inches,  which  is  maintained  for  about  an  hour. 

(5)  The  retort  is  filled  with  the  zinc  chloride  solution  and  pressure 
begun.  This  is  continued  until  the  required  quantity  of  solution  is 
injected  into  the  ties. 

(6)  The  surplus  preservative  fluid  is  drawn  off,  the  doors  opened, 
and  the  charge  pulled  out  on  the  platform.  Another  charge,  which 
has  in  the  meantime  been  made  ready,  is  immediately  pulled  into  the 
same  retort  to  undergo  the  same  process.  The  treated  ties  are  un- 
loaded onto  adjoining  cars,  the  trucks  pushed  to  a  small  transfer 
table  at  the  end  of  the  platform,  transferred  to  the  opposite  track  of 
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the  same  platform,  and  loaded  with  fresh  ties  to  be  run  into  the 
other  retort  for  treatment. 

Trucks  sufficient  for  three  charges  of  ties  are  used. 

In  steaming,  live  steam  at  a  temperature  of  about  260°  Fahr.  is 
used,  corresponding  to  a  gauge  pressure  of  about  20  pounds.  Preserva- 
tive fluid  is  injected  at'a  temperature  of  about  150°  Fahr.  A  maximum 
pressure  of  about  140  pounds  is  allowed  in  injection ;  with  freshly  cut 
ties,  however,  120  pounds  is  not  usually  exceeded. 

The  total  time  of  treatment  averages  about  8*  hours,  and  as  the  re- 
torts are  run  nearly  alternately,  we  get  from  noon  one  day  to  noon  the  fol- 
lowing day  five  charges  treated,  or  a  total  of  2,520  ties,  7  inches  by  8 
iuches  by  8  feet,  per  day  of  twenty-four  hours  If,  however,  all  the  ties  are 
new  or  freshly  cut,  the  time  is  reduced  so  as  to  get  out  six  charges  per 
day,  or  3,024  ties  in  all  per  day  of  twenty-four  hours. 

We  find  the  time  required  varies  greatly  with  the  kind  of  timber 
and  with  the  time  during  which  the  ties  have  been  seasoning.  California 
mountain  pine,  fir  and  spruce  require  less  time  than  Oregon  fir,  and  ail 
timbers  are  more  readily  treated  when  freshly  cut.  An  Oregon  fir  tie,  sea- 
soned in  the  air  for  two  years,  will  take  double  the  time  for  the  treatment 
required  for  one  freshly  cut.  Occasionally  a  close-grained,  well-seasoned 
tie  will  not  receive  the  preservative  at  all,  the  fluid  penetrating  into  the 
sides  only  about  half  an  inch. 

Much  attention  has  been  given  in  this  plant  to  providing  means  of 
watching  the  effect  of  the  various  steps  in  the  process,  so  as  to  vary  the 
treatment  as  the  timber  requires  it.  The  retorts  are  provided  with  ther- 
mometers, the  steam  pipes  with  a  pyrometer, and  all  tanks  with  gauges; 
the  condenser  is  provided  with  a  measuring  well,  all  injection  is  from  a 
gauged  measuring  tank,  and  sample  ties  are  tested  and  reported  from 
each  batch,  as  note  I  further  on.  The  principal  blanks  used  for  this  and 
other  reports  are  appended  hereto. 

The  condensing  apparatus  consists  of  one  set  ot  ordinary  surface 
condensers  (connected  to  the  vacuum  pipe  and  between  the  retorts  and 
air-pump),  which  is  over  and  supported  upon  a  measuring  well,  into 
which  all  condensed  saps  and  vapors  flow,  thus  preserving  a  constant 
surface  for  condensation.  The  measuring  well  is  provided  with  a  glass 
gauge,  and  is  of  such  dimensions  that  each  foot  of  the  glass  gauge  repre- 
sents one-fourth  of  a  pound  of  water  extracted  per  cubic  foot  of  timber. 
This  well  is  so  arranged  that  it  can  be  emptied  without  stopping  the  air- 
pump.  By  this  means  any  desired  dryness  of  the  timber  may  be  accom- 
plished with  certainty.  In  the  practical  operation  for  the  treatment  of 
ties  the  extraction  of  moisture  is  stopped  when  the  rate,  as  shown  by  the 
condenser  gauge,  is  reduced  to  one  pound  of  water  per  cubic  foot  per 
hour. 
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MIXING   THE    FLUID    FOR   USE. 

Concentrated  solution  of  zinc  chloride,  called  "  stock  solution,"  as 
formerly  purchased  and  now  manufactured  at  the  works,  consists  of 
about  43  per  cent,  pure  zinc  chloride,  2  per  cent,  of  impurities  (iron, 
aluminium,  lead,  etc.),  and  55  per  cent,  of  water.     This  is  weighed  out 
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and  mixed  in  a  small  sump,  with  a  proper  proportion  of  water,  thence 
pumped  into  the  wooden  supply  tanks,  tested  with  a  Beaume  hydrom- 
eter, and,  if  necessary,  a  slight  addition  of  either  stock  or  water  added, 
so  that   the   liquid   for  use,  called  "standard  solution,"  registers  2\° 
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Beaume  at  60°  Fahr.  The  theoretical  proportions  for  the  desired  stand- 
ard solution,  containing  1-/^  per  cent,  pure  zinc  chloride,  are  34.46 
pounds  stock  of  43  per  cent,  zinc  chloride  to  100  gallons  of  pure  water ; 
but  as  there  is  much  evaporation  during  the  process  the  tendency  of  the 
standard  solution  is  always  to  get  stronger,  so  that,  on  a  continuous  run, 
there  is  added  a  certain  proportion  of  water  to  allow  for  evaporation,  or, 
what  is  the  same  thing,  the  quantity  of  zinc  chloride  to  the  gallon  of 
water  is  reduced.  Experience  has  taught  us  that  about  27  pounds  of 
zinc  chloride  stock  solution  per  hundred  gallons  of  water  will  keep  our 
reserve  solution  (amount  always  in  the  supply  tanks),  together  with  that 
added  for  daily  consumption,  up  to  standard  ;  but  this  is  carefully 
watched  and  additions  made  one  way  or  the  other,  as  the  case  demands, 
so  that  the  standard,  when  injected  into  the  ties,  is  always  l-^  per  cent, 
strong.  The  standard  solution  is  heated  to  156°  Fahr.  by  turning  steam 
through  coils  in  bottom  of  tanks  before  being  pumped  into  the  charge. 

TESTING  TIES. 

At  intervals  during  the  regular  progress  of  the  work  and  whenever 
any  charge  shows  some  change  in  the  treatment  as  to  necessary  vacuum, 
time  or  amount  of  pressure,  and  after  each  change  in  kind,  quality  or 
dryness  of  timber,  four  sample  ties  are  taken  from  a  charge  consisting 
of  ties  of  average  grain,  one  heaviest,  one  lightest  and  two  average 
weight,  and  each  tie  is  bored  in  the  middle  of  its  width  and  length 
with  a  one-inch  bit.  The  first  half  inch  of  borings  is  thrown  away,  after 
which  each  inch  of  borings  is  preserved  separately  and  designated  as 
one  inch,  two  inch,  and  three  inch  specimens.  Each  specimen  is  burned 
to  an  ash,  over  a  gasoline  jet,  in  a  porcelain  roasting  dish,  in  contact 
with  the  air.  The  ashes  are  carefully  collected  in  a  platinum  cup,  dis- 
tilled water  added,  with  a  slight  excess  of  hydro-chloric  acid,  converting 
the  zinc  oxide  into  zinc  chloride.  It  is  then  filtered  into  a  test  tube 
and  the  zinc  hydrate  thrown  down  with  sodium  carbonate,  making  a 
white  flocculent  precipitate.  The  liquid  is  then  made  up  with  distilled 
water  to  three  drachms.  The  resulting  milky  liquid  is  compared  with 
standard  liquids  in  tubes  of  the  same  size  as  the  test  tubes,  each  tube 
containing  three  drachms.  The  standard  liquids  are  graded  to  repre- 
sent 6,  9,  12,  15,  18,  21  and  24  one-hundredths  of  a  pound  of  zinc 
chloride  per  cubic  foot  of  timber.  As  shown  by  the  annexed  table  ot 
proportionate  parts  (for  which,  as  well  as  for  much  of  the  other  data  in 
this  paper,  I  am  indebted  to  our  fellow-member,  Mr.  J.  D.  Isaacs,  who 
has  designed  most  all  of  the  details  of  the  plant  and  devised  many 
improvements  in  the  method  of  operation),  the  maximum  of  zinc 
chloride,  per  cubic  foot  of  timber,  desired  is  24  one-hundredths  of  a 
pound.     We   are   so   certaiu    of  what    we  are  doing  by  our   methods 
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of  observation  that  the  tests  are  principally  of  value  as  checks.  Re- 
cent tests  have  sometimes  shown  a  minimum  of  21  one-hundredths, 
but  usually  indicate  the  full  amount.  It  is  to  be  recollected  that  this 
minimum  is  from  the  geometric  center  of  the  tie.  In  such  cases 
specimens  taken  nearer  the  ends  show  prescribed  quantity.  After  bor- 
ing, the  ties  are  plugged  with  creosoted  sticks  turned  to  a  tight  fit,  and 
shipped  for  use  with  the  rest. 

RECORDS. 

A  tabular  record  of  each  charge,  giving  all  dates,  times,  durations, 
pressures  and  temperatures,  is  kept  and  charges  numbered  ;  a  similar 
tabular  record  of  all  tests  is  kept  and  duplicates  forwarded  to  head- 
quarters. All  ties  are  stamped  on  the  ends,  with  the  month  and  year 
of  treatment. 

We  have  found  it  economical  and  convenient  to  manufacture  our 
own  chloride  of  zinc  stock  solution.  The  apparatus  is  simple  and  inex- 
pensive, and  requires  little  attention.  It  consists  of  three  lines  of  barrels 
arranged  in  steps.  Beginning  with  the  top  and  numbering  them 
1,  2,  3,  4,  5,  and  6,  they  are  arranged  as  follows : 

No.  1 ,  bottom  3  inches  above  top  of  No.  2,  and  has  a  lead  spout 
emptying  from  the  bottom  into  the  top  of  No.  2. 

No.  2,  bottom  12  inches  above  bottom  of  No.  3,  and  has  a  lead  pipe 
from  near  bottom  to  top  of  No.  3. 

No.  3,  bottom  6  inches  above  bottom  of  No.  4,  and  has  a  lead  spout 
from  near  bottom  to  top  of  No.  4. 

Nos.  4  and  5  same  as  No.  3,  each  emptying  in  same  way  into  that 
below. 

Each  barrel  is  charged  with  about  600  pounds  of  zinc. 

The  carboys  of  muriatic  acid  are  lifted  to  a  platform  beside  barrel 
No.  1,  through  which  the  acid  trickles  rapidly,  taking  off,  so  to  speak, 
its  wire  edge ;  that  is,  preventing  violent  action  in  barrel  No.  2.  In 
barrel  No.  2  some  ebullition  takes  place.  The  heavier,  partially  formed 
chloride  sinks  to  the  bottom,  passes  up  through  the  lead  pipe,  and  over 
into  No.  3  and  so  on.  We  found  it  necessary  to  raise  barrel  No.  2  higher 
than  the  rest  of  the  series,  in  order  to  get  head  for  flowr  through  its  dis- 
charge pipe,  some  of  the  head  being  lost  by  the  upward  action  of  the 
hydrogen  gas  and  steam.  A  continuous  stream  of  zinc  chloride,  com- 
pletely saturated  as  to  the  acid,  runs  from  the  pipe  of  No.  5,  but  to  make 
certain,  we  run  through  No.  6 ;  thence  into  storage  barrels  standing 
ready  for  use.  The  capacity  of  the  chemical  plant  is  about  5,000 
pounds  of  stock  solution  per  ten  hours. 

After  each  carboy  of  acid  is  emptied,  one-eighth  of  its  weight  in 
water  is  thrown  into  barrel  No.  1,  which  has  the  effect  of  cooling  the 
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zinc,  keeping  down  somewhat  the  ebullition  in  barrel  No.  2,  and  supply- 
ing water  evaporated.  The  loss  of  chlorine  by  evaporation  is  about 
one  per  cent.  We  find  a  better  result  by  this  process  than  by  allowing 
the  acid  to  simply  stand  on  the  ziuc.  The  resulting  zinc  chloride  stock 
solution  has  a  density  of  50°  Beaume',  and  contains  43  per  cent,  of  zinc 
chloride. 

CREOSOTING,    OR    IMPREGNATION   OF   TIMBER   WITH    DEAD   OIL   OF 

COAL   TAR. 

The  portable  plant  is  arranged  for  creosoting  timber  also.  This 
requires  only  the  additional  adjuncts  of  a  superheater  and  steam  coils 
in  the  retorts.  Although  we  treat  sawn  timber  with  creosote,  the  bulk 
of  the  timber  treated  is  in  the  form  of  round  piles  of  Oregon  fir.  This 
material  proved  to  be  extremely  difficult  of  treatment  by  any  of  the 
standard  methods.  The  temperatures  and  pressures  had  to  be  forced, 
and  the  time  required  was  very  long  (32  to  38  hours)  to  get  any 
effective  penetration.  The  piles  after  treatment  were  badly  split  and 
checked,  and  their  strength  seriously  impaired. 

In  November,  1891,  some  experiments  were  undertaken  with  a  view 
to  overcoming  these  objectionable  results.  These  experiments  lead  up 
to  our  present  standard  creosoting  process,  which  closely  corresponds 
with  the  methods  advocated  by  Boulton  ten  years  or  more  ago. 

We  merely  boil  the  timber  in  the  dead  oil,  and  when  sufficiently 
dry,  inject  the  oil  by  pressure.  In  effect,  we  have  returned  to  the  open 
vat  process  tried  fifty  years  ago,  plus  pressure  iu  a  closed  retort.  An 
open  vat  for  boiling,  followed  by  the  introduction  of  the  timber  into  a 
closed  receptacle  for  injection,  would  answer  the  same  purpose,  but  we 
find  it  more  convenient  to  perform  both  parts  of  the  process  in  the  same 
retorts.  In  this  process  we  use  no  vacuum,  but  pass  the  vapors  during 
boiling  through  the  surface  condenser,  leaving  the  outlet  from  the  latter 
open  to  the  air.  The  object  in  using  a  condenser  is  to  enable  us  to 
measure  the  sap  extracted  from  the  timber,  and  to  recover  the  lighter 
portions  of  the  creosote  carried  over  with  the  vapors  of  sap.  Every  foot  in 
the  measuring  well  of  the  condenser  corresponds  to  \  pound  of  water, 
or  sap,  per  cubic  foot  of  piles  treated  for  average  loads,  and  we  find  that 
the  piles  are  practically  dry  when  the  condenser  gauge  shows  6  inches 
per  hour.  The  same  precautions  as  in  burnettizing  are  used  to  follow 
the  characteristics  of  each  load  and  to  vary  the  treatment  accordingly. 

The  result  of  these  changes  in  treatment  has  been  most  satisfactory. 
The  time  has  been  cut  down  to  12  to  14  hours  per  charge,  as  against 
our  former  time  of  32  to  38  hours,  and  as  against  that  required  in 
present  Eastern  practice  of  22  to  27  hours.  Temperatures  are  reduced 
from  280°  Fahr.  to  240°  ;  pressure  reduced   from   200  pounds  to  120 
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pounds ;  fuel  about  oue-half  formerly  used  per  charge.  The  timber  is 
practically  uninjured  by  the  treatment.  It  is  less  checked  than  in 
ordinary  air-seasoned  timber,  and  whatever  checking  takes  place  is 
during  the  boiling,  so  that  all  checks  are  well  filled  with  creosote. 

In  common  with  timber  in  burnettizing,  the  greener  the  wood  is,  the 
more  easily  it  is  impregnated  with  creosote.  No  difficulty  is  experienced 
in  securing  any  desired  penetration. 

MEMORANDUM   OF    EXPERIENCE   WITH   TREATED   AND    UNTREATED 

TIES. 

The  treatment  of  ties  with  preservative  substances  was  commenced 
in  Europe  as  early  as  1838,  perhaps  earlier.  Of  the  many  and  various 
materials  treated  with  on  a  large  scale,  only  about  four  seem  to  have 
been  used  to  any  considerable  extent.  These  were  sulphate  of  copper, 
bi-chloride  of  mercury,  chloride  of  zinc  and  creosote  oil,  and  of  these  four 
only  two  seem  to  have  survived  for  general  use ;  namely,  chloride  of 
zinc  and  creosote.  The  former,  on  account  of  its  comparative  cheapness, 
is  the  one  most  commonly  used. 

The  average  results  of  tie  preservation  in  Germany,  where  perhaps 
more  careful  records  have  been  kept  and  investigations  made  than  else- 
where, indicate  that  the  life  of  railroad  ties  (so  far  as  decay  is  concerned) 
is  almost  exactly  doubled  by  preserving  them. 

In  November,  1889,  a  small  number  of  burnettized  ties  were  put  in 
the  track,  in  a  gravelly  clay  roadbed,  near  Tucson,  Arizona,  and  an 
inspection  just  made,  after  four  years  and  eleven  months  of  service, 
shows  that  all  of  these  burnettized  ties  are  perfectly  sound.  At  the  same 
time  and  place,  various  untreated  ties  were  put  in  the  track  adjoining 
the  burnettized  ties;  of  these,  Truckee  white  fir  has  decayed  to  a  depth 
of  about  i  of  an  inch  on  the  under  side ;  Truckee  yellow  pine  has 
decayed  to  a  depth  of  from  1  to  3  inches  on  the  under  side ;  Truckee 
red  fir  £  inch  decayed  on  under  side  ;  Truckee  tamarack  and  Truckee 
sugar  pine  decayed  from  la  to  3  inches  on  under  side ;  Shasta  white  fir 
and  white  yellow  pine  decayed  on  under  side  from  1  to  4  inches ;  Shasta 
red  fir  decayed  on  under  side  to  a  depth  of  from  1  to  2  inches  ;  Shasta 
sugar  pine  decayed  on  under  side  to  a  depth  of  from  1?  to  2  J  inches. 
The  redwood  ties,  laid  without  tie-plates,  under  50-pound  rail,  are  per- 
fectly sound,  but  the  rail  has  cut  down  into  them  from  1  to  2  inches, 
indicating  that  the  maximum  life  for  such  ties  in  such  localities  is 
between  five  and  six  years. 

In  December,  1889,  some  burnettized  ties  were  laid  in  the  San 
Joaquin  Valley,  near  Turlock  station,  in  a  roadbed  composed  of  sandy 
loam,  under  60  pound  rail.  An  inspection  made  March  1,  1894, 
after  three  years  and  four  months  of  service,  shows  a  slight  decay  on  the 
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under  side.  Of  the  ties  of  similar  timber,  but  untreated,  put  in  the 
track  at  the  same  time  the  burnettized  ties  were  laid,  and  adjoining 
them,  the  white  and  red  fir  were  completely  decayed  and  removed 
from  the  track  in  August,  1893,  after  three  years  and  nine  months  of 
service.  Of  the  yellow  pine  untreated  ties,  90  per  cent,  were  removed 
from  the  track  after  three  years  and  nine  months  of  service.  Of  the 
sugar  pine,  untreated,  90  per  cent,  were  rotted  down  to  the  danger  point 
and  removed  from  the  track  after  three  years  and  four  months  of  service. 
The  tamarack,  red  and  white  fir,  yellow  pine  and  sugar  pine,  from  the 
eastern  slopes  of  the  Sierras,  near  Truckee,  untreated,  are  more  or  less 
badly  decayed,  after  three  years  and  four  months  of  service,  the  indica- 
tions being  that  the  maximum  life  of  the  best  of  them  will  fall  some- 
where between  four  and  five  years.  Of  the  6  in.  x  8  in.  x  8  ft.  redwood 
ties  put  in  at  the  same  time  with  very  small  tie-plates,  all  are  sound 
after  five  years  of  service  ;  the  plates,  which  were  entirely  too  small, 
have  bent  up  considerably,  but  have  not  cut  down  into  the  ties  more 
than  T3F  of  an  inch.  The  6  in.  x  8  in.  x  8  ft.  redwood  ties  that  were 
laid  without  tie-plates  at  the  same  time,  are  cut  down  under  the 
rail  to  a  depth  of  two  inches,  leaving  only  four  inches  of  sound  wood 
under  the  rail,  and  were  removed  from  the  track  after  about  three  years 
and  nine  months  of  service. 

The  service  life  of  ordinary  redwood  ties  (which,  in  ordinary  road- 
beds, will  last  many  years  without  failure  by  decay),  is  measured  not 
by  time,  but  by  the  volume  of  tonnage  passing  over  the  rails  ;  the  speed 
as  well  as  the  weight  being  a  factor  in  the  wear  in  some  proportion  not 
well  ascertained.  Under  average  conditions  of  traffic,  redwood  ties 
eight  inches  wide  and  six  inches  thick,  laid  about  3,000  to  the  mile  of 
track,  and  supporting  60-pound  steel  rail,  will  endure  about  13,000,000 
tons  of  cars  and  engines  passing  over  the  track  ;  this  amount  of  traffic 
being  equal  to  nearly  30,000  trains,  each  consisting  of  a  locomotive  and 
tender  weighing  sixty  tons,  and  fifteen  cars  weighing  between  375  and 
400  tons,  or  say  an  average  of  about  sixteen  trains  with  a  locomotive  and 
fifteen  cars  each  per  day  for  five  years.  The  average  endurance  of 
7  in.  x  8  in.  redwood  ties  is  probably  somewhere  between  17,000,000  and 
18,000,000  tons  of  traffic.  Redwood  ties  are  usually  condemned  as 
unserviceable  when  crushed  down  so  as  not  to  leave  more  than  four 
inches  of  sound  wood  under  the  rail. 
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SOUTHERN  PACIFIC  COMPANY. 

(Pacific  System.) 
Wood  Preserving  Works. 
Report  of creosoted  at 


,  189 


Retort. 

A. 

B. 

A. 

B. 

Load  in  at 

Filling  begun  at   ...    . 

Bath  begun  at ... 

,T,.                       Refilling  bearun  at 

When  filled 

Temperature    When  refilled 

Of  superheated  steam 

■| 

Pressure  .    .     At  en| ".  mg.    \   [   \   \    \   \           ]   \    \ 

Condensation    ?er  hour  a;  be§in"i,ngf,°f  bath        ' 

Inches  pumped  from  measuring  tank 

(Signed) 


Superintendent. 
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SOUTHERN  PACIFIC  COMPANY. 

(Pacific  System.) 

Wood  Preserving  Works.. 


Report  of  . 


burnettized  at ,  189 


Retort. 

A. 

B. 

A. 

B. 

Charge  numb 
Date  going  in 
Date  going  ot 

Live  steam  begun  at 

Time     .    .    . 

When  filled 

Temperature 

Pressure   .    . 

Inches  pumped  from  measuring  tank* 

*  Each  inch  =  25  gallons. 


(Signed) 


Superintendent. 


TIMBER-PRESERVING  METHODS  AND  APPLIANCES. 


17 


SOUTHERN  PACIFIC  COMPANY. 

(Pacific  System.) 
Wood  Preserving  Works. 
Report  of  Inspection  of  Creosoted  Piles  and  Timber  made  at  . 


189 


The  following  creosoted  piles  (or  timbers)  have  been  inspected  this  day  and 
passed  or  rejected  as  per  statement  below  : 

Piles. 


No.  of  Pile. 

PENETRATION. 

Length  of  Pile. 

Shipped  in 
Car  No. 

Remarks. 

Butt. 

Tip. 

Timber. 


No.  of  Pieces. 


size. 


Feet  B.  M. 


Minimum 
Penetration. 


Remarks. 


Instructions. — Inspect  for  penetration  by  boring  two  j-inch  holes  at  a  dis- 
tance of  from  10  to  15  feet  from  each  end,  according  to  length  of  stick ;  the  two 
holes  near  each  end  to  be  diametrically  opposite,  and  the  pair  on  one  end  to  be  at 
right  angles  to  that  on  the  other.  In  special  cases  other  holes  maybe  bored.  Care 
must  be  taken  not  to  bore  into  a  check.  After  inspection  the  holes  must  be  plugged 
with  wood  saturated  with  creosote  and  turned  to  a  driving  fit. 
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SOUTHERN  PACIFIC  COMPANY. 

(Pacific  System.) 
Wood  Preserving  Works. 

Report  of  tests  of  burnettized  ties  made  at 

Charge  number. 
Tie  number. 
Thickness  of  tie. 
Width 

Length  " 

Weight  of    " 


,  189 


(Signed) 


Superintendent. 
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DISCUSSION. 


Dr.  Meyers. — Have  any  evil  effects  been  noticed  from  cattle  lick- 
ing the  ties  and  being  poisoned  by  the  zinc  chloride  ? 

Mr.  Curtis. — I  have  never  heard  of  any  difficulty  of  that  kind 
either  from  creosote  or  zinc  chloride.  In  the  mercury  process  there  is  a 
great  deal  of  difficulty  of  this  kind.  It  greatly  affected  the  men  em. 
ployed.  All  sorts  of  expedients  were  resorted  to  in  order  to  overcome 
it.  They  dressed  in  rubber  clothes.  And  then,  when  laid  in  place,  it 
was  poisonous  to  animals. 

Mr.  Wagoner. — What  takes  place  immediately  after  the  vacuum 
has  been  made  ;  does  the  sap  run  out  of  the  ties  ? 

Mr.  Isaacs. — But  very  little  sap  comes  out  of  the  wood  in  the  first 
vacuum.  The  principal  object  of  the  first  vacuum  is  to  get  the  air  out 
of  the  retort  so  as  to  facilitate  the  introduction  of  steam,  and  also  to 
enable  us  to  close  the  doors  tightly.  It  is  hard  to  get  the  doors  very 
tight  unless  there  is  a  pressure  of  the  air  on  the  outside. 

Dr.  Meyers. — Do  the  borings  show  uniform  impregnation  clear  to 
the  center?     How  much  zinc  chloride  is  used  per  tie? 

Mr.  Isaacs. — For  thorough  impregnation  of  7  x  8  x  8  inch  ties  there 
is  required  for  the  whole  tie  0.75  pound  of  pure  chloride  of  zinc.  The 
impregnation  is  uniform  clear  to  the  center. 

Dr.  Meyers. — What  is  your  experience  with  creosote  in  getting  it 
uniformly  distributed  through  the  wood  ?  In  Germany  they  succeeded 
in  forcing  it  clear  through  the  wood,  but  the  distribution  was  not  uni- 
form, and  there  were  certain  parts  of  the  wood  that  would  contain  no 
creosote. 

Mr.  Curtis. — We  do  not  seek  to  get  the  creosote  clear  through  the 
wood.  We  are  satisfied  with  a  thorough  impregnation  in  the  outer  part 
of  the  wood.  But  it  is  important  that  all  the  wood  should  be  thor- 
oughly seasoned  and  completely  dried  out.  Our  tests  show  a  penetration 
of  about  three-quarters  of  an  inch  around  the  stick.  From  our  experi- 
ence thus  far,  this  amount  of  impregnation  seems  to  be  quite  ample  to 
protect  the  timbers  against  the  attacks  of  marine  creatures.  We  have 
to  be  careful  in  treating  the  piles  not  to  have  them  split  and  crack.  A 
party  came  to  us  and  spoke  about  a  cluster  of  piles  at  the  end  of  Clay 
Street  wharf,  and  said  the  limnoria  were  eating  them  all  up.  We  had 
the  Harbor  Commissioners  pull  one  of  the  piles  up  and  laid  on  the 
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-wharf.  I  struck  it  with  an  ordinary  hatchet  and  it  split  into  two  pieces 
the  whole  length.  It  had  been  cracked  in  the  retort,  but  there  was  no 
evidence  whatever  of  its  being  touched  by  the  teredo  or  the  limnoria. 

Dr.  Meyers. — Has  your  experience  indicated  any  tendency  for 
spikes  to  draw  out  of  the  wood  on  curves  ? 

Mr.  Curtis. — We  have  had  no  trouble  of  that  kind.  Our  experi- 
ence with  preserved  wood  does  not  exceed  five  years,  and  our  experi- 
ments have  been  on  a  rather  small  scale.  It  is  the  practice  on  our 
American  roads  to  use  tie-plates  on  curves,  which  overcomes  that  diffi- 
culty. Double-spiking  the  tie  on  the  outer  side  is  another  expedient. 
Just  what  effect  zinc  chloride  has  on  a  spike,  in  the  way  of  corrosion,  I 
do  not  know. 

Mr.  Isaacs. — The  effect  of  zinc  chloride  on  metals  is  to  form  a 
rust,  but  it  seems  to  stop  after  it  gets  a  little  ways.  We  have  experi- 
mented with  almost  every  kind  of  paint  in  our  retorts  to  prevent  it,  but 
without  any  success.  A  coating  of  rust  will  form  about  the  thickness  of 
a  sheet  of  paper,  and  that  is  the  end  of  it.  It  stays  there  until  the  plant 
is  removed,  and  dries  out,  and  then  this  coating  is  knocked  off.  When 
we  use  the  retort  again  another  coating  will  form.  But  we  do  not  have 
any  serious  trouble  from  this  source. 

Mr.  Wagoner. — Where  do  you  purchase  the  creosote,  and  where 
is  it  made  ? 

Mr.  Curtis. — What  we  use  is  brought  from  England.  We  have 
experimented  with  American  creosote,  but  the  latter  is  not  near  as  good 
as  the  former.  To  be  efficient  it  has  to  be  of  a  certain  standard,  and  the 
American  creosote  is  not  near  up  to  the  specifications.  It  should  contain 
not  less  than  eight  per  cent,  of  tar  acid,  which  seems  to  be  sufficient  to 
coagulate  the  sap  in  the  wood,  aDd  twenty-five  per  cent,  of  heavy  oil. 
The  heavy  oil  seems  to  be  a  very  necessary  part;  it  gets  into  the  wood 
and  corks  it  up,  so  to  speak ;  it  completely  fills  up  the  wood. 

Prof.  Wing. — Have  you  any  items  as  to  the  economy  of  using 

treated  ties  ? 

Mr.  Curtis. — For  pine  ties  it  is  about  this  way:  In  Oregon  we 
buy  them  as  low  as  20  or  21  cents;  in  Northern  California  about  26 
cents.  All  the  evidence  goes  to  show  that  by  burnettizing  them  we  can 
at  least  double  their  life.  This  process  is  now  costing  about  8  cents,  and 
we  expect  to  get  it  down  as  low  as  7  cents  for  ties  7x8x8.  So  you 
see  this  is  a  good  economic  arrangement. 
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Mr.  Vischer. — What  is  the  relative  cost  of  creosoting  and 
burnettizing  ? 

Mr.  Curtis. — Creosoting  is  a  great  deal  more  expensive.  The  cost 
is  pretty  near  ten  to  one  for  the  wood  actually  treated,  but  there  is  not  the 
amount  of  penetration  in  creosoting.  We  boil  the  wood  in  creosote  oil 
until  we  have  extracted  pretty  nearly  all  the  moisture  out  of  it — we 
cook  it  out,  and  then  it  is  prelty  well  sterilized.  Then  we  put  this  pro- 
tection of  creosote  all  around  it — plug  it  up  by  the  heavy  oils,  so  the 
germs  are  not  carried  in  by  contact  with  the  air  or  the  water.  If,  on 
the  contrary,  the  timber  is  not  well  seasoned  before  creosoting,  and  if 
the  moisture  is  not  thoroughly  out  of  it,  we  have  found  quite  a  number 
of  instances  where  the  interior  is  completely  rotted  out,  leaving  a  sound 
shell  of  creosoted  wood  around  the  outside.  From  our  experience,  if  the 
work  is  thoroughly  done,  we  believe  piles  will  last  a  long  time.  They 
are  protected  and  will  last  something  in  the  same  way  as  timbers  in  a 
covered  bridge  or  in  a  house ;  they  are  protected  against  air  and  water. 

Mr.  Vischer. — The  two  processes  of  treatment  are  used  for  quite 
different  purposes  ? 

Mr  Curtis. — Yes  sir.  We  use  creosote  for  piles,  and  for  most  of  our 
timber  work.  We  use  it  for  everything  in  trestles  up  to  the  stringers, 
and  sometimes  creosote  the  stringers. 

Mr.  Wagoner. — Does  not  creosoting  make  the  timbers  more  com- 
bustible ? 

Mr.  Curtis. — I  think  it  does.  However,  we  have  had  nearly  ten 
years'  experience  on  the  Atlantic  system,  but  we  do  not  know  of  a 
single  fire  that  can  be  attributed  to  the  fact  that  the  timbers  had  been 
creosoted. 

While  I  think  of  it,  I  will  mention  that  common  salt  is  a  great  pre- 
servative of  wood.  We  have  a  stretch  of  track  twelve  miles  long 
between  Wadsworth  and  Ogden  laid  on  bottom  land  on  the  edge  of  the 
great  Salt  Lake.  The  ground  is  soft,  and  there  is  a  good  deal  of  salt  in 
it.  The  ties  there  are  as  bright  and  fresh  as  when  they  came  out  of  the 
tree  twenty-six  years  ago.  Salt  is  very  cheap  on  the  Colorado  desert; 
all  we  have  to  do  in  some  places  is  to  just  shovel  it  up.  There  is  a  great 
deal  of  timber  on  the  east  of  the  desert,  and  we  have  been  experiment- 
ing with  jacketing  the  timber  ;  making  a  hole  all  around  the  stick,  and 
tamping  salt  in  it.  It  requires  renewal  after  every  rainy  season.  We 
expect  some  very  satisfactory  results. 

Mr.  Vischer. — In  the  burnettizing  process,  what  is  the  effect  on  the 
wood  ?     Is  the  action  of  the  chemicals  purely  astringent  or  is  there  a 
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filling  up  of  the  pores  producing  additional  hardness  due  to  the  foreign 
matter  ? 

Mr.  Curtis. — I  think  it  is  partly  a  filling  up  and  not  purely  an 
astringent  action. 

Mr.  Isaacs. — The  wood  becomes  a  little  more  hard  and  a  little 
more  brittle.  The  tie  is  not  quite  so  strong  as  before,  but  it  is  not  suffi- 
ciently weakened  to  injure  its  service. 

President  Grunsky. — I  am  informed  that  Dr.  Meyers  has  the 
results  of  some  experiments  in  the  vulcanizing  process.  We  would  be 
pleased  to  hear  from  him  upon  that  subject. 

Dr.  Meyers. — In  order  to  understand  the  vulcanizing  process  I 
think  we  must  look  at  it  from  a  chemical  standpoint.  The  object  of  the 
process  is  to  produce  a  change  in  the  natural  composition  of  the  wood 
itself,  instead  of  forcing  antiseptic  matter  into  it.  Wood  in  its  natural 
state  is  strongly  antiseptic ;  it  contains  creosote,  tannin,  albumen,  etc. ; 
about  sixty  different  chemicals  in  all.  By  the  action  of  heat  its  natural 
constituents  are  changed.  It  produces  changes  in  the  pores  of  the  wood, 
and  a  chemical  change  in  the  sap  itself.  In  that  process  we  endeavor 
to  keep  the  large  antiseptic  qualities  originally  in  the  wood.  We  heat 
the  wood  to  200  and  300  degrees  Fahrenheit,  and  maintain  a  pressure  of 
about  150  pounds  to  the  inch.  The  treatment  takes  from  eight  to  twelve 
hours,  depending  upon  the  condition  of  the  timber,  and  upon  the  timber 
itself.  Dry,  compressed,  superheated  air  is  circulated  through  it,  and  after 
the  air  becomes  saturated  with  moisture,  it  is  taken  out  and  then  reheated 
and  passed  through  again.  In  that  way  considerable  moisture  is  extracted 
from  the  wood.  After  the  wood  has  undergone  treatment  its  chemical 
composition  is  entirely  different. 

This  experiment  was  tried  in  the  East  over  ten  years  ago.  At  that 
time  several  hundred  ties  were  placed  on  the  elevated  roads  in  New 
York  City,  in  company  with  other  ties  that  were  not  treated.  I  had  the 
privilege  of  examining  the  treated  ties  about  a  year  ago,  and  they  were 
still  doing  good  service,  while  the  untreated  ties,  the  Road  Master  told 
me,  had  rotted  away  and  been  removed. 

The  tests  to  which  Prof.  Wing  refers  are  tests  of  strength,  I  believe. 
I  know  the  process  has  been  accused  of  weakening  the  wood,  on  account 
of  the  amount  of  heat  used.  Out  of  curiosity  I  made  some  tests  at 
Columbia  College  of  the  strength  of  different  kinds  of  woods  after  it 
had  been  vulcanized,  and  in  its  natural  state  before  it  was  vulcanized, 
taking  each  piece  from  the  same  stick.  The  first  test  was  made  on  Nor- 
way pine.  It  broke  under  a  load  of  3,000  pounds.  It  was  placed  on 
supports  seven  feet  apart,  and  the  pressure  placed  upon  the  center.  The 
same  piece  untreated  supported  2,680  pounds.     That  shows  an  increase 
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in  strength  of  11.94  per  cent.  Cypress  broke  under  a  load  of  2,600 
pounds  ;  untreated,  under  a  load  of  1,860  pounds,  an  increase  in  strength 
of  39.8  per  cent.  I  believe  that  cypress  showed  the  greatest  increase  of 
strength. 

Treated  spruce  broke  under  a  load  of  2,780  pounds,  and  untreated 
under  2,460  pounds  ;  an  increase  in  strength  of  a  little  over  13  per  cent. 
Bass  wood  when  treated  supported  a  load  of  2,840  pounds,  and  untreated 
2,560  pounds;  an  increase  of  10.9  per  cent. 

After  that  a  larger  number  of  tests  were  made,  and  in  every  case 
there  was  an  added  increase  in  strength. 

Mr.  Curtis. — Have  you  any  figures  as  to  the  cost  of  the  vulcaniz- 
ing process  ? 

Dr.  Meyers. — I  do  not  remember  them.  I  know  they  had  a  great 
deal  of  timber  to  treat,  more  than  they  could  take  care  of.  I  think  they 
have  two  plants  now,  and  are  also  building  one  in  Washington.  It  is  a 
patented  process.  It  is  rather  new,  and  has  been  more  experimental 
than  otherwise.  I  think  it  is  very  much  in  its  favor  that  the  Man- 
hattan Elevated  road  treats  every  piece  of  timber  it  uses  on  the  road. 
That  fact  more  than  anything  else  led  me  to  take  an  interest  in  it.  Col. 
Hunt  told  me  that  they  had  tried  every  other  process,  and  they  had 
found  this  the  most  satisfactory. 

Mr.  Wagoner. — Have  any  experiments  been  made  where  the 
wood  came  in  contact  with  the  soil?  Of  course  these  ties  were  used  on 
elevated  structures. 

Dr.  Meyers. — They  tried  it  in  different  kinds  of  soil.  I  know  of 
a  certain  tunnel  just  out  of  New  York  City,  where  wood  decays  very 
rapidly,  and  said  to  be  the  worst  place  on  the  road  for  timber.  They 
put  in  some  treated  timber  from  the  South,  which  they  said  in  its 
natural  state  was  useless  for  railway  construction,  and  it  proved  to  be 
about  as  good  as  any  wood.  It  seems  to  make  a  durable  article  out  of 
an  otherwise  uselesss  thing.  I  examined  these  ties  myself,  after  they 
had  been  in  the  ground  for  six  years.  They  still  retained  a  strong  odor 
of  the  wood,  and  were  in  very  good  condition. 

The  pieces  that  I  tested  as  to  strength  were  cut,  I  think,  by  the 
Bell  Telephone  Company,  and  were  in  the  shape  used  for  cross-poles. 
We  simply  cut  them  in  two  halves  lengthwise  ;  one  piece  we  treated, 
and  the  other  did  not. 

Mr.  Isaacs. — There  is  one  point  in  regard  to  creosoting  that  I 
think  has  some  bearing  on  this  vulcanizing  process.  Our  theory  is  to 
first  coagulate  the  albumen  of  the  wood  by  heat,  and  then  inject  the 
creosote.  Creosote  contains  carbolic  acid,  and  other  substances.  Dur- 
ing this  process  a  filtration  takes  place.  The  carbolic  acid  goes  in  first, 
and  that  is  followed  by  napthaline,  which  is  of  itself  a  pretty  good  anti- 
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septic,  and  is  permanent.  If  we  used  carbolic  acid  and  nothing  else,  in 
a  short  time  the  piles  would  be  no  longer  preserved.  This  filtration 
keeps  the  heavy  oils  near  the  surface,  and  forms  an  exterior  coat  which 
is  impervious  to  water,  and  prevents  the  washing  out  of  the  napthaline 
and  the  coagulated  albumen.  It  seems  to  me  that  one  of  the  difficulties 
in  this  vulcanizing  process  is  lack  of  sufficient  material  to  form  wood 
creosote.  The  use  of  wood  creosote,  by  the  way,  has  never  been  a  suc- 
cess. There  is  sufficient  material  in  the  wood  to  form  a  good  wood 
creosote  for  the  timber,  or  tie,  but  it  is  not  in  the  right  place — that  is  to 
say,  the  heavy  portions,  the  napthaline  portions,  and  the  other  con- 
stituents are  all  mixed  up  together.  As  far  as  we  have  investigated, 
our  arrangement  of  these  materials  is  about  right  for  the  purpose 
intended. 

Dr.  Meyers. — What  is  the  temperature  of  the  creosoting  process  ? 

Mr.  Isaacs. — About  250  degrees.  I  have  tried  350  degrees 
without  apparently  injuring  the  wood  at  all,  but  not  with  pressure. 

Mr.  Vischer. — The  impression  seems  to  prevail  among  the  men 
using  the  ordinary  kiln-drying  process  with  redwood,  that  it  is  an  easy 
matter  to  use  too  much  heat,  and  thereby  make  the  wood  brittle. 

Dr.  Meyers. — It  seems  that  under  a  very  high  pressure  the  wood 
does  not  seem  to  burn  ;  it  seems  to  prevent  ignition.  It  seems  it  would 
be  an  easy  matter  to  heat  the  wood  without  the  presence  of  creosote  first, 
without  the  pressure  of  air. 

Mr.  Isaacs. — We  found  if  we  heated  it  without  creosoting,  it  took 
a  long  time  to  dry.  If  a  vacuum  is  formed  to  help  the  drying  you 
deprive  the  timber  of  any  means  of  getting  heat  except  radiated  heat. 

Dr.  Meyers. — In  the  vulcanizing  process  they  use  pressure. 

Mr.  Wagoner. — What  purpose  does  the  pressure  serve  ? 

Dr.  Meyers. — Pressure  seems  to  make  the  chemical  change  in  the 
wood  caused  by  heat  more  uniform  through  the  wood ;  it  also  seems  to 
prevent  the  liquids  from  escaping,  and  keeps  them  more  in  a  liquid 
form  instead  of  a  gaseous  form.  I  have  often  wondered  if  it  was  not 
the  mere  heating  of  the  wood  that  preserved  it ;  just  as  in  boiling  au 
egg,  the  boiling  coagulates  the  albumen  and  preserves  it. 

Mr.  Curtis. — The  present  difficulty  in  heating  wood,  if  the  air 
surrounds  it,  is  a  tendency  to  check  the  wood  and  split  it. 

Mr.  Wagoner. — I  should  say  the  pressure  was  to  prevent  evapora- 
tion. 

Mr.  Isaacs. — The  pressure  is  to  keep  the  moisture  in  the  wood 
while  this  process  is  going  on. 
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COST  OF  STEAM  AND  WATER  POWER  IN  MONTANA. 


Read  before  the  Montana  Society  of  Civil  Engineers,  June  8,  1895.* 


By  M.  S.  Parker,  Member  of  the  Society,  and  of  the  American  Society 
of  Civil  Engineers. 

The  rapid  development  of  mechanical  appliances  for  the  usage  of 
electrical  energy  is  working  a  wonderful  revolution  in  the  motive  power 
of  the  world.  The  controlling  of  steam  for  motive  power  is  the  result  of 
modern  investigation,  almost  within  the  memory  of  the  oldest  inhabi- 
tant. Close  upon  the  heels  of  this  discovery  and  its  development  to  the 
full  limit  of  perfection,  comes  this  newly  discovered  motive  power,  elec- 
tricity, and  with  each  day  are  born  new  ideas,  almost  inspired  ideas, 
one  might  say,  suggesting  more  improved  methods  for  controlling  this 
mysterious,  unanalyzed,  irresistible,  powerful  agent.  Who  can  predict 
what  the  next  century  will  bring  forth  in  the  use  of  this  mysterious 
fluid?  Judging  from  the  progress  of  investigation  for  the  past  quarter 
of  this  century,  the  result  will  far  exceed  the  most  visionary  views  of 
the  present  enthusiasts.  Engineers  are  aware  of  the  progress  being 
made  in  the  generation  and  transmission  of  electricity  for  power  pur- 
poses. The  civil  engineer  is  not  generally  an  electrician,  on  the  con- 
trary, his  knowledge  is  more  general  than  special.  The  civil  and  elec- 
trical engineers,  however,  are  closely  allied,  and  must,  in  the  future, 
work  hand  in  hand  together.  The  electrical  transmission  for  power 
is  fast  bringing  all  the  hitherto  obscure  water  powers  of  the  world  into 
commercial  importance.  The  day  is  not  far  distant  when  all  the  avail- 
able water  power  of  the  United  States,  in  Ifact,  of  the  world,  will  be 
utilized  to  its  fullest  capacity. 

I  need  not  go  into  detail  as  to  progress  being  made  in  this  direction. 
This  is  known  to  all  engineers  who  are  keeping  abreast  of  the  times. 

Montana  has  extensive  opportunities  for  the  development  of  water 
power  within  her  borders,  and  the  next  decade  should  show  vast  strides 
along  the  lines  of  its  development. 

The  writer  has  given  much  attention  during  the  past  five  years  to 
the  opportunities  for  developing  water  power  in  Montana,  particularly 
along  the  course  of  the  Missouri  River,  and  must  admit  that  the  possi- 
bilities are  beyond  his  most  sanguine  expectations,  both  as  to  cost  and 
quantity  of  power.  The  development  at  Great  Falls,  Montana,  with  which 
the  writer  has  been  connected  since  its  inception,  is  but  in  its  infancy. 
There  is  no  reason  why,  in  the  near  future,  every  town  and  mining  camp 
in  Montana  should  not  have  its  electric  power  station  supplying  all 
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power  for  lights,  street  railways,  and  the  running  of  machinery  for  all 
purposes.  In  the  opinion  of  the  writer,  steam  must  give  way  to  elec- 
tricity, and  that  soon,  especially  in  Montana,  the  State  ranking  first  in 
the  country  for  its  available  water  power.  Its  cheapness  alone  will 
force  the  result.  Coal  consumers'  boilers  will  have  to  give  way  to  water 
wheels.  The  percentage  of  loss  in  transmission  I  will  not  go  into  in 
detail  in  this  paper,  sufficient  to  say  that  the  percentage  of  loss  in  elec- 
trical transmission,  within  twenty  miles  of  distance,  is  not  greater  than  the 
ordinary  loss  by  direct  rope  transmission  from  power  station  to  works, 
1,000  feet  distant.  Late-long  distance  transmission  of  electricity  for 
power  experiments  are  highly  satisfactory.  The  object  of  this  paper  is 
simply  to  lay  before  the  Society  a  few  tables  prepared  by  the  writer 
showing  relative  cost  of  steam  power  as  compared  with  water  power  in 
Montana.  Such  data  is  constantly  needed  by  the  engineer,  and  it  is  a 
duty  that  one  owes  to  the  profession  to  record  whatever  may  be  of  inter- 
est to  its  members.     The  following  tables  will  explain  themselves  : 

TABLE  NO.  1. 
Compound  Engine. — Add  Steam  Charged  to  Power. 
Table  showing  ordinary  running  daily  and  yearly  expenses  500  H.  P.  Plant. 


Cost  of  Coal  per 
2240  lbs. 

long  ton 

Pounds  of 
coal    per 
H.  P.  per 
hour. 

Cost  of 

coal  per 

H.   P.  per 

day. 

Boiler  at- 
tendance 
perH.  P. 
per  day. 

Engine  at- 
tendance 
per  H.  P. 
per  day. 

Oil  waste 
and  sup- 
plies per 
H.  P.  per 
day. 

Total 
daily    ex- 
pense 
1   H.  P. 

Total 
yearly 

expense, 
365  days, 

1  H.  P. 

•€«  f  10J  hours 

per  day 

5.6 

Cents. 

4.48' 

Cents. 
0.6 

Cents. 
0.75 

Cents. 
0.3 

Cents. 

6.13 

$22.37 

5  1 24        " 

«     « 

5.6 

10.47 

1.54 

1.50 

0.7 

14.21 

51.86 

«9  rioj    " 

K     « 

5.6 

5.17 

0.6 

0.75 

0.3 

6.82 

24.89 

©  (  24        " 

"     " 

5.6 

12.09 

1.54 

1.50 

0.7 

15.83 

57.78 

«=>  r ioi    " 

u     u 

5.6 

7.46 

0.6 

0.75 

0.3 

9.11 

33.25 

o  {  24 

it     K 

5.6 

16.47 

1.54 

1.50 

0.7 

20.21 

73,76 

sf10*   - 

U        U 

5.6 

10.33 

0.6 

0.75 

0.3 

11.98 

42.93 

©1.24 

u     (t 

5.6 

24.19 

1.54 

1.50 

0.7 

27.93 

101.94 

This  table  is  based  on  the  consumption  of  Sand  Coulee,  Montana,  slack  coal, 
tested  at  the  Silver  Smelter  at  Great  Falls,  Montana,  on  twenty-four  hour-run  pur- 
posely, without  extra  precaution,  to  ascertain  amount  of  coal  consumed,  using 
three-quarter-inch  grate  bars,  60x16  feet  tubular  boilers.  Result:  5T65  lbs.  per 
hour  per  horse-power.  A  200-horse-power  compound  engine  at  Silver  Smelter  costs 
$64  per  horse-power  per  year,  as  I  was  informed  by  an  engineer  who  made  the  esti- 
mate two  or  three  years  since.  I  think  the  figures  about  right  for  present  condi- 
tions. The  smaller  the  horse-power  of  the  plant  the  larger  the  expense  per  horse- 
power proportionately. 
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TABLE  No.  3. 
Showing  Yearly  Expense  of  Water  Power  per  H.  P.  on  Wheel,  Shaft. 


HORSE-POWER. 

l 

2 

3 

4 

5 

6 

o 
U 

"3 

a 

° 

Interest  on  Original 
Cost— 8  per  cent. 

a 
i> 

p.  . 

a"^j 
.2  a 

^    0> 

cS  o 

"3   in 
o>  CO 

a 

CO 
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The  above  table  is  arranged  from  the  writer's  note-book.  Number  of  horse- 
power and  cost  from  actual  verified  estimates  in  two  instances  that  the  writer  has 
planned. 

In  conclusion  it  may  not  be  amiss  to  mention  some  of  the  noted 
water-powers  of  the  country,  giving  their  capacity  and  charges  for 
power : 

Holyoke,  Mass., 12,260    H.  P.     Gross  Power 

Manchester,  N.  H., 12,000 

Lowell,  Mass., 11,845 

Lewiston,  Maine, 11,000 

Lawrence,  Mass 10,900 

Cohoes,  N.  Y., 6,560 

Minneapolis,  Minn., 9,200 

Great  Falls,  Mont., 

Black  Eagle  Falls, 18,200       "                " 

Niagara  Falls, 100,000       "                " 

These  amounts  are  closely  the  minimum  figures  for  power — gross 
horse-power.  The  net  power  is  about  20  per  cent,  less  on  the  wheel 
shaft. 

Various  charges  for  water-power  at  Manchester,  Lowell,  Lawrence, 
Minneapolis ;  a  few  places  from  the  above  list  are  as  follows :  Manches- 
ter, about  $300.00  per  mill  power  for  original  purchase,  $2.00  per  day 
for  surplus  per  mill  power.  Lowell,  about  $300.00  per  mill  power  for 
original  purchase,  $2.00  per  clay  per  mill  power  during  back  water,  $4.00 
per  day  per  mill  power  for  surplus  under  40  per  cent.,  $10.00  per  day 
per  mill  power  over  40  per  cent,  and  under  50  per  cent.,  $20.00  per  day 
per  mill  power  for  surplus  over  50  per  cent.,  $75.00  per  day  per  mill 
power  for  any  excess  over  limitation,  100  per  cent.     Lawrence,  about 

).00  per  mill  power  for  original  purchase,  and  about  $1,200  for  new 
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leases  per  mill  power.  At  the  above-named  places  a  mill  power  is 
equivalent  to  65  horse-power  on  the  wheel  shaft.  The  charges  for  sur- 
plus water  in  the  before-mentioned  instances  amounts  to  about  the  same 
thing  at  the  different  places.  At  Minneapolis,  a  more  modern  water- 
power,  the  mill  power  is  equivalent  to  50  horse-power  on  the  wheel 
shaft  and  is  charged  for  at  the  rate  of  $1,200  per  mill  power.  The 
charges  for  power  at  all  the  above-mentioned  places  is  about  the  same 
for  new  leases,  and  amounts  to  nearly  $25.00  per  horse-power  per  year 
for  24-hour  runs.  I  learn  that  the  Niagara  Power  Company  has 
leased  power  in  large  amounts  as  low  as  $8.00  per  horse-power  per  year 
in  5,000  horse-power  leases.  The  Eastern  powers  are  based  upon  ten 
hours  per  day  run. 

The  surplus  is  the  accumulation  of  water  in  storage  pond,  enabling 
the  extra  running  of  wheels.  With  the  figures  for  cost  of  steam  power 
at  hand  it  is  a  simple  calculation  to  determine  as  to  the  worth  of  water- 
power.  The  original  cost  of  development  of  the  power  together  with 
the  resulting  power,  determines  its  commercial  value  as  compared  with 
steam. 
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WOODEN  BRIDGE  CONSTRUCTION  ON  THE  BOSTON 
AND  MAINE  RAILROAD. 


Read  before  the  Boston  Society  of  Civil  Engineers,  May  15,  1895.* 


By  J.  Parker  Snow,  Member  of  the  Society.! 

The  subject  of  iron  and  steel  bridges  has  been  quite  extensively 
written  up  in  our  technical  literature  during  recent  years,  but  wooden 
bridges  are  seldom  discussed,  and  when  mentioned,  are  generally  treated 
as  temporary  structures  or  excuses  offered  for  their  use.  The  building 
of  such  bridges  is,  however,  a  live  business  on  the  Boston  and  Maine 
Railroad,  although  the  impression  seems  to  be  prevalent  in  many  quar- 
ters that  such  construction  is  obsolete  and  out  of  fashion. 

This  paper  is  offered  to  describe  the  present  practice  in  wooden 
bridge  construction  on  the  above-named  railroad,  and  if  not  considered 
as  in  line  with  present  approved  practice  elsewhere,  may  at  least  have 
some  interest  as  a  history  of  one  branch  of  the  bridge-building  art. 

On  the  system  operated  by  the  Boston  and  Maine  there  are  1,085 
wooden  bridges  of  all  kinds  in  a  total  of  1,561.  This  number  covers 
overhead  as  well  as  track  bridges  and  includes  everything  of  6  feet  clear 
opening  and  upwards,  except  stone  box  culverts.  The  proportion  of 
wooden  bridges  grows  less  each  year,  although  more  than  half  of  the 
new  structures  built  to  replace  old  bridges  are  built  of  wood. 

The  types  most  commonly  used  for  new  work  are  pile  trestles,  plain 
stringer  bridges,  compound  stringers  made  of  timbers  keyed  together 
to  get  greater  depth  than  is  possible  with  single  sticks,  pony  trusses  of 
the  Queen  post  and  Howe  type,  and  Town  lattice  bridges.  At  the 
present  prices  of  iron  bridges  Howe  trusses  of  considerable  span,  if 
built  in  first-class  shape  of  Southern  pine  timber,  cost  almost  exactly  the 
same  as  iron  ones  and  consequently  are  practically  ruled  out.  A  con- 
siderable number  of  stringers  trussed  with  rods  beneath  are  in  existence, 
but  are  seldom  built  at  the  present  time. 

Spruce  timber  is  used  for  all  parts  of  Town  lattice  bridges,  and  for 
caps,  stringers  and  ties  in  many  trestles  and  plain  stringer  bridges  on 
Northern  lines.  On  lines  south  of  Central  New  Hampshire,  however, 
Southern  pine  is  almost  invariably  used.  Spruce  is  sufficiently  durable 
when  roofed  in,  and  on  account  of  its  lightness  is  much  better  than 
Southern  pine  for  lattice  trusses,  but  its  softness  and  tendency  to  warp 
and  the  difficulty  in  getting  sticks  of  sufficient  length  make  it  unsuited 
for  Howe  truss  work  of  magnitude.  For  bottom  chords  of  lattice  bridges 

*  Manuscript  received  June  4,  1895. — Secretary,  Ass'n  of  Eng.  Socs. 
f  This  paper  was  printed  in  the  Journal  for  June,  1895,  hut  with  some  of  the 
matter  transposed.     It  is  accordingly  reprinted  here. — Secretary,  Ass'n  of  Eng.  Socs. 
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of  over  100  feet  span,  recourse  must  be  had  to  Southern  pine  also  on 
account  of  the  difficulty  in  getting  spruce  of  the  requisite  length.  Tam- 
arack, oak  and  chestnut  are  used  for  piles  in  trestles. 

The  life  of  sawed  spruce  exposed  to  the  weather  is  but  about  six  or 
seven  years.  Southern  long-leaf  pine  of  prime  quality  in  similar  condi- 
tions is  reliable  for  twelve  to  fourteen  years.  When  covered  in  and  well 
ventilated  and  kept  free  from  accumulations  of  dirt,  either  timber  will 
last  forty  to  fifty  years.  Sawed  chestnut  for  ties,  stringers,  etc.,  is  about 
intermediate  in  durability  between  spruce  and  hard  pine.  It  has  been 
used  for  bridge  timber  on  the  Southern  lines  of  the  system  considerably 
in  years  past,  but  is  not  so  used  now  and  is  not  recommended. 

Tamarack  piles  in  dry  land  trestles  will  last  eight  to  ten  years, 
chestnut  and  oak  of  good  quality  fifteen  to  twenty. 

The  loads  used  in  calculating  new  wooden  bridges  are  somewhat 
lighter  than  the  standard  used  for  those  of  iron.  It  is  thought  that 
wooden  bridges  are  necessarily  of  a  less  permanent  character  than  iron 
ones  and  that  within  their  natural  life  the  weight  of  rolling  stock  will 
not  increase  so  much  above  what  it  is  at  present  as  may  occur  in  the  life 
of  an  iron  bridge;  again,  if  wooden  bridges  are  found  to  be  too  light  for 
future  loads,  they  can  be  strengthened,  or  supported  on  trestle  bents 
much  better  than  iron  ones,  and  a  wooden  bridge,  like  a  piece  of  masonry, 
will  give  abundant  notice  of  distress  before  it  will  fail  entirely.  The 
governing  reason  for  building  wooden  bridges  instead  of  iron  ones  alto- 
gether is,  of  course,  their  less  first  cost,  and  if  the  full  standard  load  for 
iron  bridges  was  used  in  designing  them  this  element  of  advantage  would 
be  reduced  and  they  would  be  no  more  serviceable  or  satisfactory  for 
present  use  than  if  designed  for  the  lighter  load.  The  load  used  is  a 
train  of  consolidation  engines  weighing,  each,  with  tender,  172,000 
pounds,  with  24,000  pounds  on  each  driving  axle,  or  80,000  pounds  on 
two  axles,  seven  feet  apart.  This  is  somewhat  in  excess  of  engines  in 
use  at  present  on  this  system,  and  although  considerably  lighter  than 
the  load  used  in  designing  iron  bridges,  the  considerations  given  above 
seem  sufficient  to  justify  its  use. 

The  usual  unit  strains  used  are,  for  Southern  pine  1,000  pounds  per 
square  inch  direct  tension  and  800  compression ;  the  latter,  of  course, 
reduced  for  ratio  of  length  to  diameter.  For  spruce  this  unit  is  taken  at 
650  compression  and  800  tension.  For  fiber  strain  in  stringers  and  beams 
the  unit  is  1,200  pounds  per  square  inch  for  both  hard  pine  and  spruce. 
The  reason  for  adopting  this  figure  for  spruce  is  that  in  exposed  situations, 
as  is  the  case  with  stringers,  the  life  of  spruce  is  so  short  that  it  is  a  waste 
of  material  to  provide  for  the  much  talked  about  increase  in  engine  loads, 
and  while  sound,  this  unit  gives  a  very  satisfactory  bridge.  For  com- 
bined transverse  and  longitudinal  strain  two-thirds  of  the  former  is  added 
to  the  latter  and  800  pounds  used  as  the  unit.     Longitudinal  shear- 
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ing  is  kept  below  80  pounds  per  inch  and  transverse  crushing  on  hard 
pine  from  350  to  400  pounds  per  square  inch,  depending  on  whether  the 
whole  width  of  the  stick  is  covered  or  only  a  small  area. 

These  unit  strains  are  used  for  new  work ;  an  old  bridge  will,  how- 
ever, stand  up  and  carry  its  load  when  the  computed  strains  in  some 
parts  are  very  high.  Of  the  three  classes  of  bridges  built  twenty  years 
ago,  iron  pin,  iron  riveted  and  wooden,  all  of  which  figure  equally  near 
the  danger  limit,  common  prudence  will  select  the  pin  bridge  as  the  first 
one  to  be  removed,  the  riveted  one  next  and  the  wooden  one,  if  sound, 
last. 

The  cost  of  bridges  for  single  track  of  120  feet  span  will  compare 
something  as  follows : — Iron  $5,300.  Howe  truss  of  Southern  pine  and 
iron  angle  blocks  $5,000,  and  spruce  lattice  $3,500.  Below  this  span, 
the  advantage  of  wooden  bridges  over  iron  ones  in  point  of  cost  will 
increase  and  above  it  the  advantage  rapidly  reduces  to  nothing. 

The  standard  spacing  of  bents  in  pile  trestle  bridges  is  15  feet. 
Solid  caps  drift-bolted  to  the  piles  and  girder  caps  with  riders  are  used 
indiscriminately,  the  former  being  the  cheaper  and  the  latter  making 
the  most  rigid  structure.  The  stringers  used  on  these  trestles  are  for 
single  track,  two  8"  x  16"  under  each  rail  and  one  of  the  same  dimen- 
sions on  each  side  placed  10  feet  apart  from  outside  to  outside.  The 
stringer  sticks  are  30  feet  long,  laid  to  break  joints ;  the  two  sticks  under 
each  rail  are  spaced  2"  apart  by  cast  iron  spool  separators  and  %"  bolts, 
four  at  each  cap.  The  stringers  are  secured  to  the  caps  by  drift  bolts. 
The  floor  consists  of  ties  6"  x  8"  x  12  feet  long,  laid  4"  apart  in  the  clear. 
Tie  spacers  6"  x  8"  are  placed  flat  on  the  ends  of  these,  notched  down  one 
inch  and  bolted  to  every  fourth  tie.  These  bolts  have  a  round  burr 
washer  under  the  head  on  top  and  a  Warren  nutlock  for  washer  at  the 
lower  end.  The  floor  is  kept  in  line  by  occasional  lining  spikes  or  drift 
bolts  through  the  ties  into  the  side  stringer. 

The  tie  floor  above  described  is  standard  for  all  wooden  bridges ;  it 
is  shown  in  cross-section  Fig.  1.    In  designing,  the  ties  are  considered  as 
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Fig.  1.    Standard  Trestle  ;  15  Ft.  Bent. 


distributing  the  load  so  that  80  per  cent,  is  carried  by  the  main  stringers 
and  20  per  cent,  by  the  side  ones.     The  continuity  of  the  stringer  sticks 
over  two  spans  is  considered  as  reducing  the  moment  of  the  load  at  the 
centre  of  span  by  10  to  12  per  cent. 
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Plain  stringer  bridges  are  built  the  same  as  above  described  for 
trestles,  except  as  the  stringers  do  not  have  the  advantage  of  continuity 
over  supports,  the  sections  must  be  larger  for  similar  spans.  The  depths 
of  the  sticks  should  not  be  less  than  -^  to  -fa  the  span. 

When  the  span  becomes  too  great  for  merchantable  depths  of  tim- 
ber, or  convenient  thicknesses,  recourse  is  had  to  keyed  stringers.  These 
are  made  by  placing  one  stick  on  top  of  another  and  framing  cast-iron 
keys  between  them,  as  shown  in  Fig.  2.  A  vertical  bolt  at  each  key 
prevents  the  timbers  from  separating. 
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Fig.  2. 


These  keys  are  proportioned  for  the  longitudinal  shear,  and  hence 
the  total  depth  of  the  compound  stick  can  be  used  in  computing  its 
moment  of  resistance.  The  keys  are  cut  11"  into  each  upper  and  lower 
stick,  and  an  attempt  is  made  to  distribute  them  according  to  the  inten- 
sity of  the  shearing  strain ;  but  near  the  ends  of  the  stringer  a  strict 
adherence  to  this  requirement  would  bring  them  so  near  together  in 
some  cases  that  the  daps  might  split  out.  With  notches  \\"  deep,  it  is 
desirable  that  they  should  be  at  least  18"  apart.  The  quantity  of  longi- 
tudinal shear  at  the  neutral  axis,  between  any  point  and  the  end  of  a 
beam,  is  a  function  of  the  fiber  strain  at  that  point ;  being  equal  to 

'*'  when  b.  is  the  breadth,  d.  the  depth  and/,  the  extreme  fiber  strain. 

A  convenient  way  to  locate  the  position  of  the  keys  is  to  draw  a  line 
the  ordinates  of  which  represent  the  moment  of  the  load  and  lay  off  to 

some  convenient  scale,    '  '    as  an  inclined  ordinate  at  the  center  of  this 
4 

curve.  Now,  beginning  at  the  base,  space  off  on  this  inclined  line  the  value 
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of  each  key,  and  draw  horizontals  through  the  points  of  division  ;  these 
horizontals  will  cut  the  moment  curve  into  spaces  showing  the  proper 
field  for  each  key.  The  friction  between  the  two  sticks,  induced  by  the 
load  and  by  the  grip  of  the  vertical  bolts,  helps  to  resist  the  longitudinal 
shear,  and  a  proper  proportion  can  be  added  to  the  value  of  the  key 
when  spacing  off  the  inclined  ordinate. 

These  stringers  require  considerably  more  material  than  trusses  of 
equal  strength,  but  the  labor  on  them  is  small  and  they  can  be  put  in 
place  and  prepared  for  the  passage  of  trains  in  much  less  time  than 
trusses.  This  latter  quality  is  of  great  importance,  and  should  be  given 
more  attention  by  bridge  designers  than  it  generally  receives.  This 
style  of  bridge  works  in  with  the  ordinary  trestle  spans  very  conveni- 
ently when  it  is  desired  to  make  a  wide  opening  for  a  runway  for  ice  or 
logs,  or  for  a  highway  underpass.  The  lower  stick  of  the  compound 
stringer  is  extended  beyond  the  upper  one  to  furnish  a  seat  for  the  regu- 
lar stringers  of  adjacent  bents.  In  cases,  too,  where  the  trestle  bents  are 
high  and  expensive  it  will  lessen  the  cost  of  the  structure  to  make  alter- 
nate spans  compound  or  keyed  stringers.  This  style  of  bridge  is  avail- 
able up  to  clear  spans  of  30  feet. 

Pony  trusses  are  used  for  spans  between  30  and  60  feet,  generally  of 
the  Howe  type.  For  overhead  highway  bridges  requiring  trusses  modi- 
fied pony  Howe  trusses  are  used  almost  exclusively.  For  these  latter 
and  for  track  bridges  it  is  altogether  better  to  use  floor  beams,  distribu- 
ted along  the  chord  about  2?  feet  apart,  rather  than  to  concentrate  the 
load  at  panel  points  by  means  of  stringers  carrying  the  load  to  large 
floor  beams,  as  is  done  in  iron  bridges,  and  it  is  generally  best  to  hang 
the  floor  beams  below  the  chord.  If  the  plank  floor  of  highway  bridges 
is  laid  directly  on  these  cross  floor  beams  it  brings  the  plank  parallel  to 
the  line  of  travel ;  this  is  considered  objectionable,  and  hence  longitu- 
dinal spiking  joist  or  stringers,  4  to  6  inches  thick,  are  laid  on  the  cross 
floor  beams  and  the  plank  spiked  to  these.  On  bridges  carrying  light 
traffic  a  single  3"  floor  is  used,  but  where  the  travel  is  heavy  it  is  eco- 
nomical to  use  a  double  floor,  generally  2"  below  and  3"  for  wearing 
surface.  The  under  plank  lengthens  the  life  of  the  floor  very  consider- 
ably by  keeping  it  safe  for  a  long  time  after  the  corners  of  the  upper 
plank  have  worn  through. 

Railroad  bridges  of  this  class  should  always  have  the  top  chords  stayed 
against  side  motion,  as  shown  in  Fig.  3,  and  it  pays  to  protect  the 
trusses  from  the  weather  by  sheathing  and  roofing  them  in. 

For  spans  greater  than  is  desirable  for  pony  trusses  the  Town  lattice 
built  mostly  of  spruce  is  our  only  resource.  As  before  stated,  Howe 
trusses  of  Southern  pine  cost  almost  as  much  as  iron  bridges  at  present 
prices.     Spruce,  the  only  available  timber   growing  in  the   region   in 
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which  these  bridges  are  used,  is  not  well  adapted  to  Howe  truss  work,  but 
is  excellent  for  lattice  bridges.  This  style  of  bridge  seems  never  to  have 
been  developed  to  much  extent  outside  of  New  England,  and  it  is  fre- 
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Fig.  3.    Sway  Bracing  for  Pony  Trusses. 

quently  referred  to  as  peculiarly  unscientific  aud  wasteful  of  timber.  It 
is,  however,  the  best  of  the  purely  wooden  bridges,  and  its  present  sur- 
vival here  and  its  economy  over  all  other  types  disproves  its  wasteful- 
ness. These  trusses  should  always  be  built  double,  that  is,  with  two 
webs  like  a  box  girder.  Single  web  trusses  can  be  made  strong  enough 
up  to  80  feet  span,  but  they  do  not  stand  so  steadily  or  keep  in  line  so 
well  as  those  with  double  webs.  The  distance  between  the  webs  is 
immaterial,  but  is  generally  made  equal  to  the  thickness  of  two  chord 
plank,  from  6  to  8  inches.  Outside  of  the  webs,  it  is  not  deemed  advis- 
able to  use  more  than  three  thicknesses  of  plank  on  each  side ;  this  con- 
fines the  chord  to  8  planks,  and  as  this  is  generally  not  sufficient  to  give 
the  requisite  strength,  a  second  chord  is  added  at  the  second  web  inter- 
section. These  second  chords  serve  not  only  to  carry  chord  strain,  but 
also  to  stiffen  the  diagonals  and  to  assist  the  outer  chords  to  distribute 
the  shear  between  the  tension  and  compression  members  of  the  web. 

The  chord  strength  of  these  trusses  is  computed  by  assuming  the  dis- 
tance between  the  centers  of  outer  chords  as  the  effective  strain  depth 
of  the  truss,  and  reducing  the  section  of  the  inner  chords  in  the  ratio  of 
the  squares  of  their  distances  from  the  neutral  axis.  In  the  case  shown 
on  the  inset  this  ratio  would  be  nine-sixteenths.  In  several  bridges  of 
this  type  now  standing  on  the  Boston  and  Maine  road,  built  in  former 
years,  there  are  three  sets  of  chords,  but  the  third  chord  has  but  little 
theoretical  value,  and  judging  by  the  amount  that  the  joints  ai*e  pulled 
they  assist  but  little  in  carrying  the  chord  strain.  The  proper  arrange- 
ment of  the  breaks  in  the  planks  of  the  lower  chord  affects  the  strength 
of  the  whole  much  the  same  as  the  arrangement  of  eyebars  affects  the 
strength  of  pins  in  an  iron  bridge. 

In  bridges  of  125  feet  span  and  upwards  it  becomes  necessary  to 
fasten  the  abutting  ends  of  the  chord  plank  together  and  the  device 
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shown  on  the  inset  is  used  for  this  purpose.  The  gib-bars  are  wrought 
iron,  varying  in  section  with  the  thickness  and  width  of  plank  to  be 
joined ;  hexagon  nuts  are  used  on  the  yoke  rods  so  as  to  necessitate  as 
little  cutting  of  the  chord  stick  as  possible.  A  ribbon  is  sometimes  put 
between  the  webs  at  the  middle  height  of  the  truss,  as  shown  in  the 
inset,  with  the  idea  of  stiffening  the  web  and  preventing  vibration. 

The  shear  is  assumed  to  be  uniformly  distributed  over  all  the  web 
planks  cut  in  a  given  section.  The  members  are  so  thoroughly  pinned 
together  that  they  cannot  possibly  act  as  single  independent  systems  to 
be  separately  calculated  as  is  advocated  in  some  text-books,  but  the 
strain  must  be  equalized  throughout  a  vertical  section  much  as  would  be 
the  case  with  a  solid  web. 

A  lattice  truss  should  extend  well  on  to  the  masonry.  For  reasons 
connected  with  the  proper  construction  of  the  floor  this  extension  on  the 
abutment  should  be  about  one  and  one-half  panels  ;  a  solid  bolster 
should  be  placed  under  the  chord  for  this  distance  and  under  this  should 
be  the  cross  wall  blocking.  The  compression  diagonals  near  the  end  of 
the  truss  deliver  their  shear  to  very  short  tension  members  ;  the  fasten- 
ings of  these  do  not  seem  to  be  able  to  carry  the  load  delivered  to  them, 
and  the  bolster  is  needed  to  help  take  the  thrust  of  the  compression 
members  direct.  Many  old  bridges  built  probably  without  much 
knowledge  where  the  maximum  shear  occurs  have  failed  by  having  the 
bottom  chord  split  down  or  literally  sheared  at  the  edge  of  the  wall 
plate  by  this  action.  Proper  bolsters  would  have  largely  prevented 
this.  It  is  the  custom  now  to  put  solid  posts  between  the  webs  at  the 
end  and  second  panel  points  extending  the  whole  depth  of  the  truss. 
These  cut  through  the  two  middle  plank  of  the  chords  and  would  endanger 
shearing  the  bottom  chord  if  the  bolster  did  not  extend  beyond  the  cut- 
off. These  solid  posts  furnish  a  substantial  support  to  pin  the  short  ties 
to  and  to  receive  the  compression  members  which  do  not  reach  the 
bottom  chord.  None  of  the  trusses  built  in  this  way  have  shown  indica- 
tions of  weakness  in  the  way  explained  above.  The  panels  should  be 
between  4  feet  and  4£  feet  and  the  wTeb  plank  should  be  given  inclina- 
tions of  nearly  60°  Avith  the  horizontal. 

The  pins  used  in  these  bridges  are  2"  oak.  They  should  be  of  well- 
seasoned  timber,  and  should  be  carefully  turned  so  as  to  drive  tightly 
when  the  bridge  is  erected.  Much  depends  on  the  pins.  In  old  and 
weak  bridges  the  pins  are  frequently  found  much  distorted.  In  heavy 
trusses  all  plank  must  be  at  least  12"  wide  in  order  to  take  four  pins  at 
the  chord  intersections.  At  the  web  crosses  two  only  are  used.  At  all 
chord  intersections  and  some  in  the  web  a  I  bolt  is  used  to  hold  the 
plank  firmly  together.  This  bolt  is  deemed  of  great  importance  from 
its  preventing  the  plank  from  opening,  which  would  greatly  increase  the 
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leverage  on  the  pins.  It  is  possible  that  iron  pins  perhaps  of  heavy  pipe 
rather  than  solid  bars  would  mark  an  advance  over  the  present  practice, 
but  they  have  not  yet  been  tried  so  far  as  the  writer  is  aware. 

The  floor  beams  in  these  bridges  are  at  present  invariably  hung 
below  the  chord,  two  beams  per  panel.  The  ends  of  the  web  plank  pro- 
jecting below  the  chord  are  cut  into  to  allow  space  for  each  floor  beam. 
They  are  hung  by  bolts  passing  through  the  open  spaces  in  the  chord 
and  through  washer  blocks  on  top  of  same. 

The  lateral  bracing  is  the  Howe  system,  that  for  the  lower  chord 
being  laid  directly  on  top  of  the  floor  beams,  and  the  stringers  cut  over 
it;  5"  by  8"  to  12"  is  the  size  generally  used.  The  main  stringers  under 
the  rail  are  10"  by  10"  and  the  side  stringers  6"  by  10". 

The  load  used  for  floor  beams  is  5,500  pounds  per  lineal  foot  of  track, 
which  is  assumed  to  cover  both  the  live  and  dead  loads.  Eighty  per 
cent,  of  this  is  assumed  to  be  on  the  main  stringers  and  20  per  cent,  on 
the  side  ones.  The  clear  width  in  these  bridges  is  15  feet.  This  makes 
the  effective  length  of  floor  beams  18  feet  or  more  and  calls  for  sticks  so 
large  that  it  is  best  to  use  Southern  pine  for  them.  Spruce  can  be  readily 
obtained  of  sufficient  size,  but  when  so  large  and  in  so  exposed  a  situa- 
tion it  twists  and  checks  badly.  Southern  pine  is  used  also  for  bottom 
chord  plank  for  spans  greater  than  100  feet,  and  should  always  be  used 
for  bolsters  and  wall  plates.  The  stone  parapets  of  all  through  wooden 
bridges  are  brought  in  so  as  to  be  flush  with  the  face  of  the  abutment 
(see  inset).  This  serves  to  protect  the  timber  floor  from  the  weather, 
obviates  the  large  amount  of  blocking  needed  on  the  stonework  when  it 
is  not  so  done,  and  shortens  the  bridge  floor. 

Lattice  bridges  are  built  on  the  Boston  &  Maine  Railroad  as  above 
described  up  to  150  feet  clear  span.  They  are,  however,  rather  unwieldy 
at  this  length  and  it  is  preferred  for  spans  above  125  feet  to  build  them 
with  an  arch  inserted  between  the  webs.  These  arches  are  built  up  to  the 
required  section  with  2"  or  3"  plank  and  bolted  to  the  trusses  at  every 
lattice  cross  which  comes  in  contact  with  the  arch.  They  abut  against 
the  stonework  below  the  lower  chord  on  large  Southern  pine  skew-backs 
scribed  to  the  stone.  The  skew-backs  are  mortised  out  in  steps  to  receive 
the  square  ends  of  the  planks.  The  planks  of  the  arches  are  well  spiked 
when  laid  and  radial  bolts  are  freely  used  to  bind  them  well  together. 
The  load  is  brought  upon  the  arch  by  vertical  rods  passing  through  the 
arch  and  down  through  the  lower  chords  and  floor  beams. 

The  arch  is  proportioned  to  carry  its  own  weight  and  the  whole  live 
load  on  the  bridge.  The  trusses  are  made  of  the  same  section  as  those 
of  one  half  the  span  which  have  no  arch.  These  compound  bridges  are 
very  satisfactory,  being  rigid  under  traffic  and  of  more  pleasing  appear- 
ance than  when  built  without  arches.     They  are  also  much  more  econo- 
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uiical  of  timber  than  simple  trusses  for  the  reason  that  the  arch  uses 
timber  wholly  in  compression,  in  which  condition  the  entire  section  is 
available ;  whereas  when  timber  is  called  upon  to  act  in  tension  a  large 
portion  of  the  section  must  be  wasted  in  making  the  connection. 

In  order  to  secure  a  satisfactory  track  surface  after  several  years' 
use,  there  must  be  considerable  camber  framed  into  lattice  bridges.  For 
trusses  without  arches,  there  should  be  1"  for  each  25'  of  span  and  for 
those  with  arches  1"  for  about  37  s'  of  span. 

The  lattice  bridge  has  been  described  thus  at  length,  partly  because 
it  has  not  been  so  fully  treated  as  other  styles  in  technical  literature,  and 
because  it  is  the  only  kind  that  can  be  built  in  competition  with  iron  at 
present  prices.  On  the  Boston  &  Maine  system,  there  are  many  Howe 
and  Pratt  bridges,  a  few  Burr,  Briggs  and  Child's  trusses  and  many  of 
mongrel  type;  but  the  Town  lattice  has  a  large  plurality  over  any  other 
kind  and  there  seems  to  be  ample  and  good  reasons  for  its  natural  sur- 
vival. 

These  bridges  as  built  to-day  are,  in  all  their  important  details, 
direct  descendants  of,  and  very  near  kin  to,  those  built  in  years  past  by 
the  bridge  carpenters  of  Northern  and  Central  New  England.  Those 
built  by  David  Hazelton  and  his  men  furnish  the  basis  of  the  present 
practice  on  this  road  and  although  they  were  built  without  engineering 
advice,  they  bear  analysis  well,  with  the  possible  exception  of  the  bottom 
chords. 

It  has  come  within  the  observation  of  the  writer  many  times  that 
when  an  intelligent  master-carpenter  has  had  the  care  for  a  term  of 
years  of  a  line  of  wooden  bridges  covering  any  given  style  of  truss,  he 
gradually  brings  their  parts,  when  building  new  ones,  to  almost  the  exact 
size  called  for  by  scientific  analysis  when  actual  loads  are  used  in  calcu- 
lation. He  will  use  iron  rods  that  are  too  small  for  they  show  him  no 
distress  unless  they  break,  but  the  timber  parts  guide  him  to  right 
results. 

It  is  this  property  of  a  timber  bridge,  its  certainty  of  giving  warning 
of  approaching  weakness,  that  has  kept  the  record  of  wooden  truss  bridges 
so  clear  from  fatal  disasters.  It  is  not  reasonably  safe  to  use  a  light  iron 
bridge  until  it  is  worn  out,  but  a  wooden  one  may  be  used  till  its  dete- 
rioration is  rapidly  approaching  the  end.  Neither  is  it  safe  to  entrust 
light  iron  bridges  wholly  to  the  care  of  workmen  not  technically  educated ; 
the  timber  parts  of  wooden  ones  may  be. 

It  is  no  part  of  the  intention  of  this  paper  to  advocate  building 
wooden  bridges  instead  of  properly  designed  iron  ones,  but  rather  to 
describe  the  favorite  styles  now  used  on  those  parts  of  the  Boston  &  Maine 
Railroad  where  wooden  bridges  prevail,  and  to  show  that  these  styles  are 
not  so  obsolete  as  seems  to  be  supposed  in  some  quarters. 
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DISCUSSION. 


Mr.  B.  W.  Guppy. — The  Town  lattice  truss  was  patented  in  1820 
or  1821.  The  inventor,  Mr.  Ithiel  Town,  published  pamphlets  in  1821 
and  1831,  describing  the  bridge,  and  the  claims  that  he  makes  therein  as 
to  the  economy  and  durability  of  this  type  of  bridge  have  been  fully 
substantiated.  Copies  of  these  pamphlets  are  in  the  possession  of  the 
Boston  Public  Library. 

Some  of  the  advantages  that  Mr.  Town  claimed  for  his  bridge  are 
as  follows : 

"Suitable  timber  can  be  easily  procured  and  sawed  at  common  mills, 
as  it  requires  no  large  or  long  timber. 

"Defects  in  timber  may  be  discovered  and  wet  and  dry  rot  prevented 
much  more  easily  than  could  be  in  large  timber. 

"There  is  no  iron-work  required,  which  at  best  is  not  safe,  especially 
in  frosty  weather." 

This  last  statement  is  rather  amusing,  as  Mr.  Town  previously 
states  that  the  trusses  can  be  built  either  of  wood  or  iron.  Moreover,  it 
is  due  to  a  free  use  of  iron  that  the  present  development  of  the  bridge 
has  been  obtained. 

Iron  is  used  principally  in  the  form  of  bolts  and  rods,  aud  its  use 
increases  the  strength  of  certain  parts  like  the  tension  chord,  and  allows 
of  adjustments  to  take  up  the  shrinkage  of  the  timber. 

Wedges  at  the  ends  of  the  pins  or  treenails  Avere  used  to  keep  the 
sticks  in  close  contact.  Bolts  at  the  intersections  of  chords  and  lattice 
are  now  used  for  the  same  purpose,  and  they  also  add  to  the  strength  of 
the  chord  connections. 

Iron  chord  couplings  add  a  large  percentage  to  the  strength  of  the 
tension  chord. 

A  Howe  truss  system  of  lateral  bracing  is  used  instead  of  the  Burr 
system  originally  adopted,  and  by  means  of  turnbuckles  on  the  rods 
placed  so  as  to  be  easy  of  access,  adjustments  can  be  made  to  keep  the 
trusses  properly  in  line. 

Formerly  the  floor  beams  in  through  bridges  rested  on  top  of  the 
bottom  chord,  bringing  most  of  the  load  on  the  inside  chord  sticks  and  web 
system.  The  present  practice  is  to  hang  the  floor  beams  below  the  bottom 
chord  by  hanger  bolts  alternately  on  opposite  sides  of  the  chord,  as  shown 
on  the  drawing  accompanying  Mr.  Snow's  paper.  This  distributes  the 
load  equally  between  the  two  web  systems  and  adds  an  amount  to  the 
headroom  equal  to  the  depth  of  the  chord  plus  the  depth  of  the  floor 
beam. 

Some  of  these  bridges  have  a  very  long  life.  One  that  was  taken 
down  on  the  Boston  and  Maine  system  last  year  and  replaced  by  a  simi- 
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lar  structure  was  claimed  to  be  over  fifty  years  old,  although  uo  exact 
record  could  be  fouud.  This  refers  to  the  trusses.  The  floor  was  uewer, 
having  beeu  renewed  aud  strengthened.  The  timber  was  in  fairly  good 
condition,  extreme  lightness  of  construction  being  the  principal  cause 
for  renewal. 

Another  bridge  taken  down  the  year  before  was  over  forty-five 
years  old. 

In  use  these  bridges  stand  a  great  deal  of  abuse.  A  butting  colli- 
sion on  the  approach  to  one  bridge  piled  the  cars  of  one  train  up  through 
the  roof.  Beyond  breaking  a  hole  in  the  roof,  and  cutting  up  a  few  ties, 
no  damage  was  done  to  the  bridge.  Another  collision  in  which  only  one 
train  participated,  the  bridge  acting  as  a  buffer,  resulted  in  considerable 
damage  to  the  end  vertical  and  web ;  but  the  bridge  is  still  in  use  with- 
out any  repairs  and  is  considered  to  be  perfectly  safe.  In  another  case 
logs  at  high  water  broke  off  the  ends  of  the  lattice.  Bolts  were  put  in 
connecting  the  floor  beams  with  the  upper  lower  chord,  relieving  the 
lower  joints  of  all  vertical  load,  and  as  they  are  still  strong  enough  to 
transmit  the  chord  stress,  the  bridge  is  used  without  any  apprehension 
of  danger.  This  bridge  has  the  floor  beams  resting  on  top  of  the  bottom 
chord.  If  they  had  been  hung  below  they  would  have  protected  the 
ends  of  the  lattice. 

During  the  recent  floods  in  New  Hampshire,  a  pier  was  washed  out 
from  under  a  two-span  bridge.  As  the  invariable  practice  is  to  make 
these  bridges  continuous  over  all  intermediate  supports,  the  bridge  was 
saved. 

At  the  same  time  the  abutment  was  washed  out  under  the  end  of 
another  bridge,  causing  one  of  the  trusses  to  settle  several  feet.  It  was 
blocked  up  into  place  and  is  now  in  use,  the  flexibility  of  the  construc- 
tion preventing  any  serious  damage. 

Fire  is  the  principal  enemy  of  these  bridges,  but  the  danger  has 
become  much  less  since  the  introduction  of  coal  burning  engines.  The 
fires  usually  start  in  the  roof  and  are  generally  extinguished  before 
they  do  any  damage  to  the  trusses.  A  good  coat  of  white-wash  together 
with  water  barrels,  buckets  and  a  ladder  at  each  bridge  are  the  means 
of  protection. 

The  road  has  these  bridges  insured,  but  as  fatal  fires  are  so  few,  and 
the  losses  are  generally  so  small,  it  would  seem  to  be  economy  to  have 
the  road  do  its  own  insuring. 

In  designing  this  truss,  the  practice  is  to  use  a  panel  length  of  from 
four  feet  to  four  feet  six  inches,  the  panel  length  being  the  distance  be- 
tween the  chord  pinnings  for  one  of  the  lattice  systems.  The  pinnings 
of  the  second  lattice  system  are  half  way  between  those  of  the  first. 
This  brings  the  distance  between  two  pinnings  equal  to  one  half  a  panel 
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length.  The  panel  length  is  taken  at  such  a  length  within  the  limits 
given  as  will  bring  the  total  number  of  panels  equal  ton  +  2  where  n 
is  any  integer.  This  arrangement  brings  the  center  line  of  truss  half- 
way between  two  pinnings,  making  the  chord  stick  cuts  symmetrical, 
and  making  the  odd  length  sticks  the  same  at  both  ends. 

The  method  of  arranging  the  cuts  in  an  eight-chord  stick  is  shown 
in  the  accompanying  diagram. 
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In  figuring  the  strength  of  the  tension  chord,  the  following  assump- 
tions are  made : 

(1)  When  theire  are  four  pins  and  one  bolt  at  a  pinning,  the  net 
area  of  the  stick  is  taken  as  the  depth  in  inches  minus  five,  multiplied  by 
the  width. 

(2)  The  value  of  a  pinning  to  transmit  stress  between  two  sticks  is 
taken  as  1,100  pounds  for  each  pin  and  600  pounds  for  one  bolt,  making 
a  total  of  5,000  pounds  for  one  pinning  of  four  pins  and  one  bolt. 

These  values  were  arrived  at  by  figuring  the  pin  for  bearing, 
shearing  and  bending ;  the  limiting  value  being  given  by  the  strength 
of  the  pin  to  resist  bending.  The  lever  arm  was  taken  a  constant  of  1.3 
inches  for  the  three  thicknesses  of  plank  generally  used,  namely  2i ,  31, 
31,  as  the  flexibility  of  the  pin  must  cause  the  load  to  be  concentrated 
near  the  inner  edge  of  the  stick  and  the  examination  of  pins  taken  from 
old  bridges  seems  to  justify  this  assumption. 

When  wrought  iron  chord  couplings  are  used,  the  strength  of  a 
coupling  is  the  net  value  of  four  i-inch  rods  at  10,000  pounds  per  square 
inch,  or  16,920  pounds. 

When  chord  couplings  are  used,  there  are  two  cases  to  consider : 
(1)  when  the  strength  of  one  coupling  plus  three  pinnings  is  less  than 
the  net  strength  of  the  stick,  and  (2),  when  it  is  greater. 

In  the  second  case,  the  weakest  center  section  is  practically  straight 
across  the  chord  on  the  line  CD.  In  the  first  case,  the  minimum  value 
of  chord  is  along  the  line  A  B.  There  is  also  a  section  E  F,  If  panels 
from  the  center,  the  strength  of  which  should  be  investigated,  as  in  some 
cases  it  has  a  less  value  than  the  center  section. 

In  the  bridge  shown  in  the  drawing,  the  bottom  chord  is  composed 


WOODEN  BRIDGE  CONSTRUCTION. 

of  six  14  x  3|-iuch  sticks  aucl  two  14-inch  x  2|  sticks. 
14  x  3|  =  9  x  3|  x  1000  =  34,875  pounds. 

One  coupling    =    16,920  pounds, 

Three  pinnings  =  15,000       " 
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Net  value  of  one 


31,920       "         which  is  less  than  net  stick  and 
the  minimuni  center  section  will  be  along  the  line  A  B. 


Stick  1 
"     2 
"     3 

1  coupling 

1 

1 

3  pinnings 
3 

31,920 
31,920 
16,920 

«     4 

"     5 

net  stick 
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14x2| 
(i 

25,875 

25,875 

"      6 
ii      7 

"     8 

1  coupling 

1 

1 

1  pinning 
3  pinnings 
3         " 

21,920 
31,920 
31,920 

Section  If  panels  from  center 


218,270  lbs.  net  value  of 
center  section. 


Stick  1 

1  coupling 

3 

pinnings 

31,920 

"      2 

1 

1 

pinning 

21,920 

"     3 

net  stick 

14 

x3£ 

34,875 

"     4 

ii 

14 

x2{ 

25,875 

"      5 

1  pinning 

5,000 

"     6 

net  stick 

34,875 

ii     7 

net  stick 

34,875 

"     8 

1  coupling 

16,920 

206,260  lbs.  net  strength 
of  chord  If  pan- 
els from  center. 

With  sticks  16  inches  deep  and  the  same  widths  the  center  section 
will  have  a  value  of  229,770  pounds,  and  the  other  section  235,260 
pounds,  being  the  greater  in  this  case.  Inspection  shows  that  the 
strength  of  the  center  section  is  increased  only  by  the  increase  in 
sticks  4  and  5. 

This  span  is  about  the  limit  of  this  style  of  bridge  without  the 
use  of  an  arch,  although  spans  have  been  built  up  to  150  feet. 
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THE    ENGINEERING    HISTORY    OF    A    LAW    SUIT    RE- 
SPECTING A  CONTRACT  FOR  RAILROAD  BUILDING 
IN  SOUTH  DAKOTA. 


Read  before  the  Boston  Society  of  Civil  Engineers,  June  12,  1895. 


By  Francis  C.  Tucker,  Member  of  the  Society. 


On  April  7, 1890,  a  written  contract  was  entered  into  for  the  con- 
struction (not  including  bridges  and  track)  of  103  miles  of  the  Grand 
Island  &  Wyoming  Central  Railroad,  extending  from  the  Cheyenne 
River,  near  Edgemont,  to  Kirk,  near  Deadwood, — through  the  heart  of 
the  Black  Hills  of  South  Dakota.  May  15,  1890,  ten  miles  of  this  (not 
consecutive)  were  sub-let  by  oral  contract  to  a  firm  of  sub-contractors, 
and  August  21st  following,  this  contract  was  reduced  to  writing,  the 
sub-contractors  obligating  themselves  to  fully  complete  the  railroad 
(excepting  bridges  and  track)  on  or  before  October  30,  1890.  Grading 
began  May  24,  1890,  but  was  not  entirely  finished  until  about  January 
24,  1891 — nearly  three  months  later  than  the  limit  of  time  named 
in  the  contract.  About  one  month  after  completion  of  grading  the  final 
estimates  were  sent,  duly  checked  and  certified  by  the  Resident  Engineer, 
to  the  Chief  Engineer,  who,  having  satisfied  himself  as  to  their  accuracy, 
duly  rendered  to  the  principal  contractors  a  statement  of  the  same  final 
quantities,  aud  they  in  turn  sent  a  statemeut  of  them  to  the  sub-con- 
tractors. 

Approximate  monthly  estimates  were  made  regularly  during  the 
progress  of  the  work.  The  sub-contractors  were  dissatisfied  with  these, 
and  had  their  work  remeasured  and  re-classified  immediately  on  comple- 
tion by  F.  S.  Mitchell,  of  St.  Louis,  and  J.  E.  Thomes,  of  Kansas  City. 
These  engineers  had  a  profile  of  the  work,  but  not  the  cross-section  notes. 
The  total  quantities  of  earthwork  returned  by  them  were  10,888  cubic 
yards  less  than  the  Company's  engineer  certified  to — a  difference  of  less 
than  3  per  cent.  Their  classification  being  somewhat  higher  than  that  of 
the  Company's  engineers,  rather  more  than  made  up  in  value  the  shortage 
in  quantities. 

March  23, 1891,  the  sub-contractors  filed  alien,  entirely  ignoring  the 
quantities  and  classification  of  their  engineers,  Mitchell  and  Thomes. 
They  used,  approximately,  the  quantities  of  the  final  estimates  given  by 
the  Company's  engineers,  but  they  slightly  increased  them  in  places. 
The  classification  claimed  in  the  lien,  although  not  entirely  different  from 
that  of  the  Company's  engineers,  was,  however,  founded  apparently  on 
no  actual  measurement,  but  was  made  up  by  arbitrarily  transferring  large 
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quantities  from  earth  to  loose  and  solid  rock,  just  as  whoever  made  it  up 
deemed  advisable. 

Apparently  to  support  these  small  changes  of  quantities  and  large 
changes  of  classification,  the  sub-contractors  had  their  work  again  meas- 
ured and  classified  in  September,  1891,  by  an  engineer  with  three  assistants. 
The  pay  yards  he  returned  were  42,370  in  excess  of  the  final  esti- 
mates of  the  Company's  engineers — nearly  12  per  cent,  greater.  The  lien 
was  assigned  to  an  outside  party  and  suit  brought  in  the  United  States 
Circuit  Court,  District  of  South  Dakota. 

At  sub-contract  prices  the  value  of  the  work  done,  by  final  estimate, 

amounted  to $87,380  34 

The  lien  claimed  a  value  of  . 118,350  96 

Sub-contractors'  engineer  claimed  a  value  of 128,184  32 

Showing  an  extreme  difference  in  value  of 40,803  98 

In  addition,  the  lien  claimed  for  delayed  right  of  way,  and  consequent 

work  after  frost 29,936  22 

For  changes  of  section  bounds,  line  and  grade 14,658  40 

For  miscellaneous  extra  work 4,164  00 

Making  the  gross  difference  of  values $89,562  60 

From  the  amount  directly  involved,  and  the  value  attached  to  this 
case  as  a  precedent,  it  has  attracted  much  attention.  "  The  taking  of 
the  evidence  alone  required  two  months'  time,  and  when  transcribed, 
filled  4,000  typewritten  pages,  besides  which  there  were  between  300  and 
400  exhibits  introduced  and  made  part  of  the  testimony.  All  of  this 
vast  volume  of  evidence  was  finally  referred  to  Judge  Bennett  by  order 
of  Judge  Edgerton.  The  hearing  before  Judge  Bennett  was  most  exten- 
sive, the  arguments  alone  taking  thirteen  and  a-half  days'  time.  Messrs. 
Martin  &  Mason,  Schrader  &  Lewis,  and  Mr.  C.  M.  Brown  appeared  for 
plaintiffs,  Messrs.  Marquett  and  Griggs  for  the  Railroad  Company,  and  Mr. 
Frawley  for  the  chief  contractor.  After  Judge  Bennett  had  carefully 
considered  the  case  and  had  gone  over  the  work  in  question,  personally, 
in  order  to  satisfy  himself  as  to  what  the  facts  really  were,  he  made  an 
exhaustive  report,  sustaining  fully  the  estimates  of  the  Company's  engi- 
neers, finding  upon  all  points  at  issue  in  favor  of  the  defendants.  To 
this  report  the  plaintiffs  filed  numerous  exceptions,  which  were  argued 
before  Judge  Dundy  by  Mr.  Martin  and  Messrs.  Griggs  and  Frawley. 
In  addition  to  the  oral  arguments,  briefs  were  filed  by  the  attorneys  and 
the  case  most  carefully  presented  to  the  Court.  Judge  Dundy  rendered 
a  decision  upon  these  exceptions  in  which  he  fully  sustained  the  deter- 
mination of  Judge  Bennett. 

"  There  were  many  nice  and  intricate  legal  questions  involved  in 
this    suit,   turning    upon     engineering   practices,   all    of    which   were 
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decided  in  favor  of  the  methods  and  determinations  of  the  '  Burlington ' 
engineers." 

From  this  brief  history  of  a  suit,  that  it  has  taken  four  years  to 
determine,  we  turn  to  those  parts  of  the  decision  that  are  of  special 
interest  to  civil  engineers. 

QUANTITIES   AND   CLASSIFICATION. 

The  pay  yards  of  earthwork  were  returned  as  follows  : 

Earth.  L.  Bock.  S.  Bock.  Totals. 

By  Company's  engineers  .    .    .      223,954  77,987  51,393  363,334 

By  lien 116,211  188,483  63,395  368,089 

By  sub-contractors'  engineer    .      127,822  212,330  65,552  405,704 

A  careful  inspection  of  these  figures  shows  a  more  extraordinary 
difference  in  classification  than  the  42,370  cubic  yards  difference  in  total 
pay  yards.  Judge  Bennett,  the  Master  in  Chancery,  says  in  his  report 
to  the  Court :  "  The  measurement  and  classification  by  the  sub-contrac- 
tors' engineer  are  not  entitled  to  any  weight  in  the  consideration  of  this 
cause  for  the  following  reasons : 

"  (1)  In  the  measurement  of  cuts  he  included  practically  all  the 
quantities  found  by  him  to  have  been  removed,  notwithstanding  that  (1) 
the  contracts  required  that  the  quantities  to  be  paid  for  should  be 
ascertained  from  the  cross-section  notes  of  excavation  and  embankment 
prisms,  and  that  only  such  quantities  should  be  computed  as  were  found 
within  the  slope,  grade  and  surface  planes ;  (2)  by  this  method  he  dis- 
regarded the  provision  of  the  contracts  by  including  large  quantities  of 
material  not  within  the  slope,  grade  and  surface  planes,  thus  greatly 
increasing  the  quantities  above  what  they  should  have  been ;  and  (3) 
his  measurements  included,  as  having  been  done  by  the  sub-contractors, 
a  large  quantity  of  material  which  had  not  been  removed  by  them,  but 
had  been  taken  out  by  the  Railroad  Company  after  the  sub-contractors 
left  the  work. 

"  (2)  He  determined  the  quantity  of  borrow  by  measuring  the  pits 
from  which  it  had  been  taken,  wholly  disregarding  the  provision 
of  the  contracts  requiring  that  all  borrow  should  be  measured  in 
embankment,  and  greatly  increasing  the  quantity  over  what  it  should 
have  been. 

"  (3)  In  his  classification  he  was  not  governed  by  the  contracts 
under  which  the  work  was  done.  On  the  contrary  he  classified  material 
which  had  been  removed  from  the  channels  by  plowing  with  six  horses 
or  mules,  or  less,  as  loose  rock,  for  the  alleged  reason  that  channel  exca- 
vation was  more  difficult  to  handle  than  like  material  found  elsewhere. 

"  Again,  he  was  governed  in  classifying  alone  by  geological  consid- 
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erations;  or,  in  other  words,  by  the  appearance  of  the  material  adjoin- 
ing that  which  had  been  removed,  and  wholly  ignored  the  provision  of 
the  contract  requiring  that  material  should  be  classified  according  as  it 
could  be  removed — for  instance,  that  earth  should  include  all  material 
which  could  be  plowed  with  a  good  plow,  drawn  by  six  good  horses  or 
mules,  etc.,  and  should  include  everything  not  distinctly  loose  or  solid 
rock." 

Another  reason  for  large  differences  in  quantities  was  that  the  engi- 
neers of  the  Railroad  Company  substantially  gave  the  true  prismoidal 
quantities,  while  the  quantities  given  by  the  sub-contractors'  engineer 
were  obtained  by  averaging  end  areas  without  correcting  in  any  way  for 
the  most  extreme  differences  in  consecutive  cross-sections,  although  he 
took  his  cross-sections  much  further  apart,  usually,  than  the  Company's 
engineers  did,  thereby  much  increasing  the  need  of  correction.  He 
carried  the  method  of  averaging  end  areas  to  the  extreme  of  using  it  at 
both  ends  of  every  cut  on  side-hill ;  that  is,  he  invariably  treated 
material  which  was  actually  pyramidal  in  form  as  being  wedged-shape, 
thereby  increasing  the  quantity  by  fifty  per  cent.  An  attempt  was  made 
in  the  evidence  to  show  that  custom  had  established  the  method  of 
averaging  end  areas  without  correction ;  in  effect,  legalizing  it.  To  dis- 
prove this  the  defendants  introduced  in  evidence  the  following  portions 
of  standard  works : 

Computation  from  Diagrams  of  Railway  Earthwork,  Wellington.  Preface, 
page  4. 

"Economic  Theory  of  Location  of  Railways,  Wellington."  Page  896,  articles 
1257  and  1258. 

"  Field  Engineering,"  Searles.  Page  203,  article  235  ;  page  225,  article  254; 
page  229,  article  256 ;  page  236,  article  263  ;  page  200,  article  231 ;  page  201, 
article  232. 

il  Excavations  and  Embankments,"  Trautwine. 

"Engineer's  Pocket-Book;"  twenty-fifth  thousand  ;  p.  161,  Trautwine. 

"Mensuration  of  Volumes."     Page  129,  Davies'  Legendre. 

They  also  claimed  a  strict  interpretation  of  the  contract,  which 
says :  "  Payment  being  made  only  for  number  of  yards  actually 
removed  by  contractor,  within  the  specified  slope,  grade  and  surface 
planes,"  and  "  Earthwork  will  be  computed  from  cross-section  notes  of 
excavation  prisms ;  that  is,  the  quantities  between  the  slope,  grade  and 
surface  planes  shall  be  taken,  and  shall  be  paid  for  by  the  cubic  yard  of 
twenty-seven  (27)  cubic  feet." 

To  show  the  importance  of  this  question  of  methods,  and  the  extor- 
tion that  an  unscrupulous  engineer  might  perpetrate  by  a  judicious  mis- 
use of  the  averaging  end  area  method  without  correction,  several  test 
cases  were  selected  from  the  cross-sections  as  measured  and  used  by  the 
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sub -contractors'  engineer,  models  were  made  and  put  in  evidence,  and 
the  differences  between  the  two  methods  of  computation  amply  testified 
to.  In  one  instance  that  engineer  added,  according  to  his  own  measure- 
ments, in  a  prismoid  only  32  feet  long,  439  cubic  yards  of  excess,  and 
this  in  solid  rock.      Below  is  his  cross-section  at  station,  2168+64. 


Station  2168+64. 

His  next  note  is  "  Grade  at  2168+96,"  and  he  estimated  the  exca- 
vation between  these  two  cross-sections,  32  feet  apart,  by  simply  aver- 
aging end  areas.  If  any  reader  doubts  the  absurdity  of  using  the  aver- 
age end  area  method  without  correction,  in  figuring  quantities  between 
such  highly  different  cross-sections,  he  is  advised  to  figure  correctly  and 
compare  results.  As  this  work  was  on  steep  side-hill  the  solid  between 
these  two  plusses  was  not  a  true  prismoid,  and  to  figure  the  true  quan- 
tity from  the  above  notes  it  was  necessary  to  interpolate  a  section  at  the 
grade  point  on  the  right,  2168+91.  Below  is  the  resulting  cross-section 
at  that  plus. 

//■  9 

/2.8 


MA     3. 


o_ 

<H      _  9 

9 

Station  2168+91. 


The  sub-contractors'  engineer  estimated  between 

2168+64  and  2168+96 1,672.4  cubic  yards. 

Correct  prismoidal  quantity 1,233.7  " 

Error  of  method  in  32  feet  length 438.7  " 

This  is  an  extreme  case,  and  simply  emphasizes  the  necessity  of  cor- 
recting, in  such  cases,  the  results  obtained  by  averaging  end  areas.     In 
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this  connection  it  is  proper  to  call  attention  to,  and  heartily  endorse,  Mr. 
Wellington's  Article  1258  of  his  "  Economic  Theory  of  Location  of 
Railways  "  :  "  The  proper  method  of  computing  earthwork  in  construc- 
tion is  to  compute  by  end  areas  only,  and  then  at  any  later  time,  when 
convenience  serves,  to  determine  the  prismoidal  correction  for  those 
solids  only  which  need  it,  which  are  those  differing  by  more  than  two  or 
three  feet  in  center-height.  These  corrections  are  then  added  together 
for  each  cut  or  section  and  deducted  in  gross  from  the  end  area  volume. 
The  reasons  which  make  this  method  at  once  the  simplest  and  the  most 
accurate  of  all,  and  the  evidence  from  experience  that  it  is  so,  are  given 
at  length  in  the  writer's  treatise  on  the  computation  of  earthwork." 

A  further  reason  for  the  excessive  pay  yards  estimated  by  the  con- 
tractors' engineers  is  their  complete  ignorance  of  the  natural  surface  of 
cuts,  channels  and  borrow  pits,  necessarily  removed  in  construction  be- 
fore they  went  upon  the  ground ;  in  one  place  they  counting  the  surface 
fully  25  feet  above  what  it  had  actually  been.  By  the  contract  they 
should  have  found  the  amount  of  ths  borrow  by  measuring  the  banks 
and  deducting  from  their  amount  the  total  available  material  from  cuts, 
channels,  etc.;  instead  of  so  doing  they  attempted  to  measure  the  borrow 
pits,  assuming  the  surface  to  have  been  straight  from  side  to  side  in  spite 
of  the  fact  that  many  of  the  pits  were  over  100  feet  wide  and  were  in 
the  edge  of  the  valley,  where  the  hill  joined  the  bottom,  and  were  thus 
almost  necessarily  concave  on  top,  containing  very  much  less  than  the 
quantity  computed.  The  evidence  was  conclusive  that  in  certain  places 
the  banks  contain  thousands  of  yards  less  than  the  contractors'  engineers 
found  in  the  cuts  and  borrow  pits.  So  much  for  ignorance  of  the  natural 
surface. 

Classification,  under  the  contract,  depended  upon  how  it  was  prac- 
tical to  work  the  materials  encountered ;  and  was  a  matter  of  demon- 
stration to  the  engineers  who  were  upon  the  work  throughout  construc- 
tion; but  to  those  going  upon  the  work  after  completing  it  was,  neces- 
sarily, merely  a  matter  of  opinion ;  proof  could  then  go  no  further  than 
to  attempt  to  classify  what  had  been  moved  by  inference  from  what  had 
not  been  moved. 

Portions  of  the  line  for  which  it  was  necessary  to  borrow  were  in 
narrow  valleys  where  earth  was  rather  scarce,  but  the  contract  required 
the  contractors  to  borrow  earth  at  the  price  of  earth  excavation,  if  to  be 
found  within  the  limit  of  haul — which  was  1,500  feet.  Free  haul  was 
500  feet.  In  a  few  places  loose  rock,  and  even  solid  rock,  was  borrowed 
in  spite  of  the  protests  of  the  engineers,  and  although  earth  was  in  every 
instance  pointed  out,  and  the  attention  of  the  sub-contractors  and  the 
foreman  was  called  to  the  provision  of  the  contract;  the  sub-contractors 
and  foreman  explaining  that  they  were  short  of  teams  to  haul  the  earth, 
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and  that  it  was  cheaper  for  them  to  put  the  loose  rock  in  with  wheel- 
barrows and  men  on  account  of  the  much  shorter  haul.  Counsel  for 
plaintiffs  claimed  that  the  engineers  should  have  peremptorily  demanded 
the  hauling  of  earth — if  it  were  there — and,  if  their  orders  were  not 
obeyed,  should  have  enforced  their  demands  by  requiring  the  discharge 
of  all  foremen  not  acceding  to  them.  Counsel  also  claimed  that  since 
rock  was  thus  taken  it  must  be  paid  for,  and  that,  since  the  Company's 
engineers  had  made  no  measurement  or  classification  of  borrow  pits,  and 
the  sub-contractors'  engineers'  had,  the  classification  of  the  latter  was  the 
only  classification  before  the  Court,  and  must  be  taken.  This  claim,  like 
all  others,  was  set  aside. 

The  sub-contractors'  engineers  measurements  exceeded  those  of  the 
Company's  engineers  about  as  follows :  In  cuts,  24,533  cubic  yards ;  in 
channels, 3,500  cubic  yards;  in  borrow,  14,337  cubic  yards.  The  excess 
in  cuts  came  from  the  causes  already  named  aud  from  numerous  errors, 
which,  by  a  strange  fatality,  seemed  to  always  be  on  the  sub-contractors' 
side.  Ignorance  of  the  natural  surface  was  a  large  factor  here,  as  in 
borrow ;  cuts  were  figured  over  a  hundred  feet  longer  than  they  really 
were,  many  were  figured  wider;  nearly  all  material  removed  up  to 
September,  1891,  was  estimated,  although  fully  20,000  cubic  yards  had 
been  removed  by  the  railroad  employees  after  the  sub-contractors  left 
the  work. 

The  difference  of  3,500  cubic  yards  in  channels  is  fully  accounted 
for  by  (1)  including,  in  at  least  two  places,  natural  channel  which  never 
was  excavated  by  sub-contractors;  (2)  ignorance  of  natural  surface; 
(3)  the  natural  wash  of  seven  months,  including  spring  freshets. 

The  difference  of  14,337  cubic  yards  in  borrow  came  slightly  from 
error  and  from  methods  of  figuring,  and  from  waste  in  hauling  and 
shrinkage  (which,  by  the  contracts,  were  chargeable  to  the  sub-con- 
tractor), but  principally  from  ignorance  of  the  natural  surface  before 
alluded  to. 

At  sub-contractors'  prices  the  total  values  of  earthwork  were: 

By  Company's  engineers'  final  estimate  quantities $  82,536  49 

By  lien  quantities 110,534  86 

By  contractors'  engineers'  estimate  quantities 120,368  22 

Showing  a  range  in  values  of 37,831  73 

The  Master  and  the  Court  decided,  however,  the  Railroad  Company's 
engineers'  estimate  to  be  in  accordance  with  the  contracts  and  the 
evidence. 

MINOR   CLAIMS   UNDER   THE   CONTRACT. 

In  pay  haul  the  engineers  develop  no  difference  of  estimate. 

In  riprap  the  Company's  engineers'  estimate  was  for  592.6  cubic 
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yards  at  $1.25,  and  the  lien  claimed  1,299  cubic  yards  at  $2.00.  As  to 
the  price,  all  the  other  riprap  on  the  line  was  sub-let  at  $1.25,  but 
through  an  oversight  the  item  was  not  named  in  this  particular  sub- 
contract. The  difference  in  quantity  arose  from  over  estimate  of  thick- 
ness, some  of  it  (from  coarseness  of  material)  having  been  built  thicker 
than  ordered,  and  from  including  as  riprap  mere  rock  slope,  which  the 
Company's  engineers  claimed  the  right  to  have  built,  within  haul  of 
clear  rock  cuts,  by  simply  dumping  the  coarsest  of  the  rock  in  cart-loads, 
as  it  came  from  the  cut,  on  the  side  of  the  bank  toward  the  stream, 
under  a  clause  in  the  specification:  "Where  there  is  choice  of  material, 
the  best  shall  be  used  on  top  of  the  embankment,  for  at  least  one  foot  in 
depth,  or  as  directed  by  the  engineer."  In  the  award  there  is  a  slight 
error  in  figuring,  but  the  Master  seems  to  have  adopted  the  measure- 
ment of  the  Company  engineers,  but  to  have  made  his  sole  concession  to 
the  claims  of  the  plaintiffs  by  figuring  the  price  at  $1.75  per  cubic  yard. 

In  Clearing,  the  lien  claimed  97.6  acres  against  82.8  acres  allowed. 
This  relatively  small  difference  arose  from  the  difference  in  interpreta- 
tion of  the  only  clausesin  the  contract  relating  to  clearing  : — "Clearing 
will  be  paid  for  by  the  acre  for  ground  necessarily  cleared  for  grade  and 
borrow  pits ;  "  and  one  other,  which  is  a  mere  naming  of  price : — "Clear- 
ing, per  acre "  (when  necessarily  done).  The  Company's  engineers 
held,  where  clearing  was  scattering  and  only  a  small  portion  of  the 
ground  was  shaded,  that,  except  for  the  portion  actually  cleared,  clear- 
ing was  not  done,  therefore  could  not  have  been  necessarily  done,  and 
therefore  was  not  to  be  paid  for.  Plaintiffs  claimed  that  where  any 
clearing  was  called  for,  it  should  have  been  estimated  as  solid.  The  Court 
adopted  the  interpretation  of  the  Company's  engineers. 

In  Grubbing,  the  same  difference  in  interpretation  developed  as 
in  clearing.  The  only  clauses  relating  to  grubbing  in  the  contract 
were: — "Grubbing  will  be  paid  for  by  the  station  where  necessarily 
done.  Grubbing  sage-brush  and  grease  wood  will  not  be  paid  for,  but 
the  price  paid  per  yard  for  grading  shall  include  the  cost  of  such  work  ;  " 
and,  "  Grubbing,  per  station  "  (where  necessarily  done).  The  engineers 
measured  all  grubbing  along  the  line  and  along  detached  work  (like 
channels,  etc.),  figuring,  in  fractions,  the  next  larger  tenth  of  a  station. 
The  lien  claimed  even  a  single  stump  as  a  whole  station.  Then,  of 
course,  an  estimate  of  grubbing,  after  the  completion  of  work,  is,  neces- 
sarily, a  mere  guess  from  the  appearance  of  the  surroundings.  The 
difference  in  value  of  all  those  minor  claims  under  the  contract  was 
$2,972.25,  only. 

EXTRA   WORK. 

The  lien  claimed  for  delayed  right  of  way,  etc.,  and  consequent  work 
in  frost,  an  additional  price  of: 
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12  cents  per  cubic  yard  on  16,351  cubic  yards  earth 


30  "  "  "  "  47,122 

50  "  "  "  "  11,046 

100  "  "  "  "  6,282 

125  "  "  "  "  1,626 


82,427 


earth  and  loose  rock, 
(partly  solid)    .    .    . 


$1,962  12 

14,136  60 

5,523  00 

6,282  00 

2,032  50 

$29,936  22 

Included  in  this  total  is  a  claim  for,  perhaps,  $5,000  for  change  of 
line,  which  neither  the  lien  nor  the  evidence  makes  it  possible  to  separate 
from  the  delayed  right-of-way  claims,  but  which  is  barred  out  by  this 
clause  in  the  contract:  "  The  party  of  the  first  part  reserves  the  right  to 
change  the  line  and  grade  from  that  shown  on  plans  and  profiles  fur- 
nished, but  will  not  be  held  for  damages  on  account  of  such  changes." 

This  line  ran  through  a  strictly  mineral  country ;  claims  lay  around 
loose  in  all  directions,  overlapping  each  other — some  of  them  abandoned. 
It  was  impossible  for  an  outsider  to  be  sure  of  the  legality  of  any  title 
till  it  had  fought  its  way  through  the  courts.  Often  no  sign  of  occupa- 
tion showed  until,  after  construction  had  begun,  the  owner  (?)  appeared 
with  shot-gun  or  revolver,  and  a  violent  temper.  Right-of-way  agents 
were  kept  traveling  back  and  forth  in  the  endeavor  to  keep  all  claims 
settled  as  fast  as  they  could  be  believed  genuine.  Occasional  threats 
were  made,  and,  in  a  few  places,  gangs  of  men  were  forbidden  to  work, 
but  only  one  injunction  was  served,  and  no  actual  force  was  used  to  pre- 
vent work.  The  evidence  shows  that  the  injunction  was  in  force  only 
about  four  weeks. 

The  whole  matter  of  delayed  right  of  way  and  work  in  frost  was 
thus  summed  up  by  the  Master  in  Chancery  (eliminating  legal  terms 
and  repetitions) :  "  The  claim  for  extra  compensation,  on  account  of 
alleged  delay  caused  by  the  alleged  failure  on  part  of  the  railroad  com- 
pany to  obtain  right  of  way,  by  reason  of  which  complainants  claim  that 
a  large  amount  of  work  had  to  be  done  after  frost  had  set  in,  is  not  sus- 
tained by  the  evidence ;  the  sub-contractors  not  having  been  delayed  in 
their  work  by  reason  of  any  act  or  default  on  the  part  of  the  defendants, 
or  either  of  them.  On  the  contrary,  the  sub-contractors  kept  all  of  their 
forces  employed,  and  were  not  compelled  to  turn  off  either  workmen  or 
teams  on  account  of  the  want  of  such  right  of  way.  The  sub-contrac- 
tors were  not  prevented  by  injunctions  or  default  of  defendants  from 
completing  their  work  within  the  time  stipulated  in  their  contract. 
Moreover,  they  never  made  any  claim  for  damages,  or  demand  for  extra 
compensation  to  the  defendants  herein,  or  either  of  them,  in  any  man- 
ner whatever.  Again,  the  sub-contractors,  if  delayed  by  want  of  right 
of  way,  were  allowed  a  much  longer  time  by  the  railroad  company  than 
the  period  of  such  delay,  in  which  to  complete  their  work,  after  the  date 
when  it  should  have  been  finished. 
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"The  claim  for  extra  compensation  or  allowance,  on  account  of 
work  alleged  to  have  been  done  at  Nahant,  after  frost  had  set  in,  is  not 
sustained  by  the  evidence,  as  said  grounds  were  staked  out  by  the  Com- 
pany's engineers  in  ample  time  for  all  of  the  work  to  have  been  done 
before  frost  set  in. 

"  The  claim  for  extra  compensation  or  allowance,  on  account  of 
certain  berms  and  channels,  alleged  by  complainants,  to  have  been  staked 
out  by  the  Company's  engineers,  after  frost  set  in,  and  which,  therefore, 
had  to  be  graded  in  frozen  material,  is  not  sustained  by  the  evidence,  the 
berms  and  channels  having  been  staked  out  as  soon  as  required  by  the 
sub-contractors,  and  some  of  them  long  prior  to  the  setting  in  of  frost." 

The  lien  claimed  for  changes  of  section  bounds,  line  and  grade, 
these  items : 

30  cents  per  cubic  yard  for  32,307  cubic  yards  on  account  of  changing 
trestle  work  to  fill  across  gulch,  and  moving  line  between  sections 
77  and  78  from  station  1829  to  station  1830,  increasing  fill  from 
3,340  cubic  yards  to  35,647  cubic  yards $9,692  10 

10  cents  per  cubic  yard  additional  for  23,422  cubic  yards  on  account  of 
difference  between  placing  in  spoil  bank  and  hauling  into  line 
bank 2,342  20 

Increased  cost  of  work  made  necessary  by  change  of  line  from  station 
2170  to  station  2182+50,  30  cents  per  cubic  yard  additional  for 
8,747  cubic  yards  ;  a  portion  of  this  was  hauled  past  section  end 
and  a  large  portion  was  hauled  past  bridge  opening  at  station 
2188 2,624  10 

Claimed  for  changes  ordered  by  engineers $14,658  40 

Besides  a  claim,  previously  alluded  to,  for  about  $5,000  that  cannot 
be  separated  from  the  claims  for  delayed  right  of  way. 

The  claims  for  changes  made  by  order  of  engineers  were  thus  dis- 
posed of  by  the  Master  in  Chancery  :  "  The  claim  for  extra  compensa- 
tion or  allowance,  on  account  of  an  alleged  changing  of  the  section 
ending,  at  the  north  end  of  section  77,  is  not  sustained  by  the  evidence 
for  the  reasons  that  the  sub-contractors  agreed  in  the  written  contract  to 
do  the  work  up  to  the  point  where  the  section  was  actually  ended  ;  and, 
even  if  the  section  ending  was  changed,  the  Company's  engineers  had  the 
right  to  change  it,  and  no  injury  was  done  the  sub-contractors. 

"The  claim  for  extra  compensation  or  allowance,  above  the  award 
made  by  the  company's  engineers,  on  account  of  the  change  of  the  section 
ending  between  sections  83  and  84,  is  not  sustained  by  the  evidence,  for 
the  reasons  that  the  contract,  under  which  the  sub-contractors  did  this 
work,  permitted  such  change  to  be  made  by  the  Company's  engineers, 
and  such  change  of  section  ending,  worked  no  injury  to  the  sub-con- 
tractors." 
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In  the  lien  were  presented  miscellaneous  extra  bills,  which  may  be 
grouped  thus : 

1.  Clearing  out  channel  of  creek  opposite  heavy  rock  cut $956  00 

2.  Waiting  for  placing  of  culvert ;  4  teams,  fifteen  days  at  $4  .    .    .    .  240  00 

3.  Widening  cut  slopes — partly  on  account  errors  of  engineers  ....  938  00 

4.  Putting  rock  filling  in  crib— 730  cubic  yards  at  $2.00 1,460  00 

5.  Removing  old  flume  and  slab  pile      94  20 

6.  Rock  in  creek  for  road  crossing 6  50 

7.  Building  and  removing  bridges  for  hauling  borrow,  etc., 197  30 

8.  Clearing  and  grading  roads 272  00 

$4,164  00 

In  his  report  to  the  Court  the  Master  in  Chancery  thus  disposes  of 
these :  "  The  engineer  gave  no  orders  in  writing,  or  otherwise,  to  the 
sub-contractors  requiring  the  latter  to  do  any  extra  work  for  which  they 
were  not  estimated  and  allowed  in  the  final  estimate." 

Some  particulars  of  this  extra  work  may  be  of  interest  to  engineers: 

(1)  Heavy  blasting  in  rock  cut  threw  large  masses  of  rock  into  a 
creek  channel,  forcing  the  water  from  it  over  a  public  road.  The  con- 
tract provided  that  the  contractors  were  to  be  held  liable  for  all  damage 
to  premises  through  which  the  road  ran,  and  that  the  Company  might 
retain  an  amount  sufficient  to  cover  those  damages. 

(2)  The  evidence  was  conclusive  that  the  culvert  in  question  was 
in  place  nearly  a  month  before  the  delay  was  alleged  to  have  occurred. 

(3)  The  evidence  was  positive  that  no  errors  in  cut  widths  or  slopes 
were  made  by  engineers.  During  construction,  slopes  were  flattened 
because  less  stable  material  was  encountered  than  was  expected.  All 
excavations  ordered,  and  all  slides  that  seemed  unavoidable  because  of 
natural  seams,  were  paid  for. 

(4)  To  fill  a  crib  (built  by  other  parties)  the  sub-contractors  were 
told  to  get  rock  wherever  most  convenient,  and  they  were  paid  for  the 
estimated  amount  of  solid  rock  excavation  that  was  required  to  fill  the 
crib,  since  it  seemed  to  the  resident  engineer  that  he  could,  under  the 
contract,  have  staked  out  an  excavation  in  solid  rock  and  required  the 
material  dumped  into  the  crib,  and  no  good  reason  appeared  for  paying 
a  greater  price  for  the  easier  service  required. 

(5)  Removal  of  saw-mill  debris  and  an  old  flume  were  held  suffi- 
ciently paid  for  by  clearing — especially  as  much  of  the  material  was 
converted  by  the  sub-contractors  to  their  own  use  for  wheel-planks  and 
to  build  sheds. 

(6 )  Rock  in  road  crossing  was  merely  loose  rock  borrow. 

(7)  Building  and  removing  bridges  that  were  for  the  contractors' 
convenience :  it  is  doubtful  if  these  should  have  been  paid  for  by  the 
Company.     These  were  not  paid  for  as  extra  bills,  but  were  liberally 
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equated  in  value  as  "  clearing."  This  practice  of  equating  the  value  of 
something  not  covered  by  the  contract  in  terms  of  some  item  in  the  con- 
tract seems  very  objectionable  to  most  engineers,  but  was  not  disturbed 
by  the  Court. 

(8)  Clearing  and  grading  roads  were  clearly  covered  by  items  in 
the  contract,  and  were  properly  covered  by  the  estimate. 

The  petition  sets  forth  the  cause  of  action  thus:  "  That  when  the 
work  was  completed  the  Chief  Engineer  made  a  pretended  final  estimate 
showing  the  quantity  and  classification  of  the  work  done  by  the  sub- 
contractors under  the  contract,  which  pretended  estimate  is  wholly  false, 
fraudulent  and  erroneous ;  and,  although  the  subcontractors  actually 
performed  the  amounts  of  work  and  at  the  prices  specified  in  the  annexed 
claim  and  lien  alleged,  the  Chief  Engineer,  by  fraud,  error  and  mistake 
in  his  final  estimate,  estimated  the  work  done  by  the  sub-contractors  as 
follows :"  (Setting  forth,  with  a  few  clerical  errors,  the  correct  amount 
as  stated  in  the  final  estimate  by  the  engineer.)  As  to  these  charges  the 
Master  reported  to  the  Court :  "  The  engineers  of  the  railroad  company 
acted  fairly  and  in  good  faith  in  all  matters  pertaining  to  the  measuring, 
classification  and  estimating  of  the  work  done  by  the  sub-contractors, 
and  the  measurements,  classification  and  final  award  were  justly  and 
fairly  made  according  to  the  best  skill  and  ability  of  the  engineers." 

The  Master  also  reported  to  the  Court  these  conclusions:  "A  legal 
and  valid  estimate  and  award  of  all  work  and  labor  done  and  material 
furnished  by  the  sub-contractors,  under  the  contract,  was  duly  made  and 
rendered  by  the  Chief  Engineer  of  the  Railroad  Company,  as  required 
by  the  contracts  hereinbefore  mentioned,  and  said  estimate  and  award 
was  and  is  binding  upon  the  sub-contractors  and  the  complainants 
herein. 

"The  complainants  are  entitled  to  take  nothing  by  this  suit,  and 
the  defendants  and  each  of  them  should  go  hence  without  day." 

EFFECT    OF   THE    DECISION. 

For  several  years  the  practice  has  existed  to  an  undesirable  extent 
among  engineers,  especially  in  the  West,  of  classifying  work  according 
to  its  cost — using  some  judgment,  of  course,  with  regard  to  its  manage- 
ment. Plainly  stated,  the  theory  seems  to  have  been  that,  if  a  piece  of 
work  was  well  managed,  the  final  estimate  should  show  a  profit,  and 
that  if  badly  managed  it  should  show  a  loss.  The  price  and  other  items 
of  the  contract  have  played  second  fiddle  in  the  harmony  (?)  of  con- 
struction. This  practice  has  even  been  urged  in  papers  presented  by 
engineers  of  reputation  to  engineering  societies,  and  has  resulted  in 
debauching  the  contractors  and  engineers;  has  put  a  premium  on  low 
and  hishonest  bidding  by  encouraging  the  idea  that  the  main  thing  was 
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to  bid  low  enough  to  get  the  work  anyhow — depending  then  upon  the 
mercy  and  dishonesty  of  the  engineers  to  make  the  profits  all  right ;  has 
put  a  premium  on  poor  management  by  contractors,  since  the  tendency 
was  for  the  engineers  to  rely  upon  the  force  account  to  determine  the 
classification,  and  thus  pay  a  poor  manager  more  for  doing  a  given 
amount  of  work  than  a  good  manager  for  doing  the  same:  and,  by 
preventing  their  getting  the  work,  has  injured  the  honest  contractors — 
who  made  fair  bids,  expecting  measurement  and  classification  according 
to  the  contract  and  specifications — more  than  it  has  injured  any  others. 

Against  this  improper  practice,  and  in  favor  of  a  strict  construction 
of  contracts  and  specifications,  this  fight  has  been  sustained  for  five 
years.  To  make  the  position  tenable  the  policy  was  carefully  inculcated 
of  making  no  presents,  but  of  giving  to  the  contractors  the  benefit  of 
every  reasonable  doubt. 

The  engineers  on  this  work  were:  I.  S.  P.  Weeks,  Chief;  F.  C. 
Tucker,  Resident,  and  F.  A.  Jones,  F.  C.  Noble  and  J.  C.  Beye,  Division. 
As  an  expert  on  methods  and  classification  V.  G.  Bogue  was  called, 
after  suit  was  begun,  and  his  vigorous  endorsement  did  signal  service. 

In  closing,  apology  is  due  the  attorneys  in  the  case  for  the  freedom 
with  which  the  "saids"  and  "aforesaids"  have  been  dropped  in  quoting 
from  the  carefully  prepared  law  papers. 
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APPROXIMATE  ANALYSIS   OF   THE    USE   OF   COAL   IN 

AN  EDISON  ELECTRIC  STATION  OF  THE 

TYPE  STANDARD,  ABOUT   1890. 


By  K.  S.  Hale,  Member  of  the  Boston  Society  of  Civil  Engineers. 


[Read  before  the  Society,  May  15,  1895.*] 

The  system  of  electric  supply  from  which  the  following  results  are 
derived  is  the  Standard  Edison  system  of  a  3-wire  underground  network 
for  low  tension,  direct  current  supplied  by  underground  feeders  from 
three  stations,  located  in  Boston,  one  on  Head  Place  near  the  corner  of 
Boylston  and  Tremont  Streets,  one  on  Hawkins  Street  near  Bowdoin 
Square,  and  one  on  Atlantic  Avenue,  foot  of  Pearl  Street. 

These  stations  pump  electricity  into  the  electric  mains  exactly  as 
pumping  stations  or  gas  works  might  supply  water  or  gas,  only  since  the 
incandescent  lamps  must  be  supplied  at  almost  absolutely  constant  press- 
ure an  electric  network  requires  more  feeding  points  than  a  network  of 
water  mains,  or  gas  mains. 

The  stations  are  as  follows:  The  first  station  on  Head  Place  has  18 
units,  each  consisting  of  an  Armington  &  Sims  non-condensing  engine, 
15x15?  inches,  belted  directly  to  two  Edison  No.  20  B.  P.  dynamo. 
Each  dynamo  is  rated  at  400  amperes  and  125  volts  or  50  K.  W.,  the 
engines  at  135  H.  P.  The  engines  are  supplied  with  steam  at  95  pounds 
pressure  from  six  return  tubular  boilers  of  1,800  square  feet  of  heating 
surface  each,  and  five  Babcock  &  Wilcox  boilers  of  3,220  square  feet  of 

*  Manuscript  received  August  7,  1895. — Secretary,  Asisn  of  Eng.  Socs. 
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heating  surface  each.  The  second  station  on  Hawkins  Street  has  ten  ex- 
actly similar  units  supplied  with  steam  at  100  pounds  pressure  from  two 
Heine  boilers  of  2,600  square  feet  heating  surface,  one  Heine  of  1,640 
and  two  Babcock  &  Wilcox  boilers  of  2,795  square  feet  heating  surface 
each.  At  the  Atlantic  Avenue  or  third  station  are  four  triple  expansion 
marine  type  condensing  engines  of  650  H.  P.  each,  direct  connected  to 
two  200  K.  W.  General  Electric,  M.  P.  dynamos.  These  engines  are 
supplied  with  steam  at  160  pounds  from  seven  Babcock  &  Wilcox  boil- 
ers of  3,737  square  feet  each.  There  is  also  a  storage  battery  of  140 
Tudor  cells  of  3,470  ampere  hours  capacity  on  each  side  of  the  3-wire 
system. 

The  supply  of  electric  current,  which  may  be  used  for  incandescent 
lamps,  arc  lamps  and  motors  indifferently,  and  is  supplied  at  110  volts, 
or  220  volts  between  the  outside  wires  of  the  3-wire  system,  is  best  shown 
by  our  load  curves.  Here  is  a  curve,  Fig.  1,  of  a  summer  day  beginning 
7  a.m.  The  first  part  of  the  curve  is  the  motor  load  and  office  lighting 
which  drops  off  for  lunch  at  noon  and  again  at  5  p.m.  The  evening 
load  is  residence  and  shop  lighting.  In  the  spring  and  fall,  represented 
by  the  curve  in  Fig.  2,  day  and  night  load  merge  into  each  other,  and 
in  the  winter,  Fig.  3,  they  overlap,  giving  us  this  peak. 

The  dotted  curves  below  the  full  curve  of  total  output  are  the 
curves  of  the  districts  normally  supplied  by  the  different  stations.  Now 
the  third  station  is  of  higher  first  cost  and  also  of  much  less  operating 
cost  than  the  other  stations.  You  can  readily  see  that  it  would  not  pay 
to  pay  interest  on  costly  apparatus  to  supply  this  peak  that  lasts  only  a 
few  hours  a  day  a  few  months  in  the  year,  independently  of  the  copper 
needed  to  transmit  this  maximum  load  to  the  other  parts  of  the  city,  but 
yet  at  light  loads  it  seemed  a  pity  to  have  costly  engines  lying  idle  while 
cheap  ones  were  eating  up  the  coal  pile.  Large  feeders  or  tie  lines  were 
therefore  put  in  with  the  idea  of  carrying  our  average  load  during  the 
great  part  of  the  time  on  the  engines  of  good  economy,  using  the  Head 
Place  and  Hawkins  Street  stations  only  as  reserve  and  to  supply  the 
peak  of  the  winter  curve.  The  result  is  that  with  less  than  40  per  cent, 
of  our  investment  in  high-priced  economical  machinery,  we  are  able 
to  carry  over  90  per  cent,  of  our  average  load  on  it.  It  is  the  same 
principle  as  putting  in  a  good  pumping  engine  for  water  service  and 
a  cheap  one  for  reserve  and  for  fire  service,  only  it  is  a  little  harder 
to  work  out  for  electric  supply. 

Up  to  May,  '93,  we  had  no  tie  lines  and  ran  the  engines  at  each  sta. 
tion  to  supply  the  normal  load  of  the  district.  Since  May,  '93,  we  have  been 
able  to  shut  down  the  uneconomical  stations  a  large  portion  of  the  time, 
bringing  down  their  average  load  and  bringing  up  that  of  the  third  sta- 
tion.    The  effect  of  the  tie  lines  is  shown  by  these  curves,  Fig.  4,  which 
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give  the  load  manufactured  by  the  different  stations  and  the  total.  The 
first  three  figures  give  the  curves  of  distributed  load.  Unfortunately- 
only  the  second  station  is  available  for  the  comparisons  of  the  use  of 
coal  we  are  now  about  to  make,  since  the  first  station  supplies  a  great 
deal  of  steam  heat  of  which  no  record  can  be  made,  while  various  causes 
in  addition  to  the  change  of  load  have  affected  the  third  station.  For 
the  second  station  we  have  the  following  data  by  months :  Tons  New 
River  coal.  Tons  wharf  screenings.  Average  K.  W.  Engine  hours. 
These  are  obtained  as  follows :  At  the  first  of  the  month  coal  on  hand  is 
measured,  amounting  to  from  50  to  100  tons.  All  coal  brought  into  the 
station  is  weighed  on  the  carts  and  at  the  end  of  the  month  coal  is  again 
measured.     Coal  weighed  -j-  or  —  difference  on  hand,  is  coal  used,  and 
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Fig.  1. — Load  Diagram,  August  21.    Weather  Fair. 


is  divided  between  New  River  and  screenings  in  proper  proportion. 
Half-hourly  records  are  kept  of  the  amperes  and  volts,  which  give  the 
K.  W.  hours,  and  hourly  record  is  kept  of  the  number  of  engines  run- 
ning. We  then  get  the  derived  figures  of  pounds  coal  per  hour  and  per 
K.  W.  hour  and  average  K.  W.  per  engine.  (See  table.)  These^wres 
only  show  a  much  worse  economy  at  small  average  loads,  but  drawing 
with  average  K.  W.  as  abscissae,  two  curves,  Fig.  5,  of  pounds  coal  per 
hour  and  pounds  coal  per  K.  W.  hour  we  find  fairly  regular  curves, 
showing  that  there  is  a  law  connecting  them.  Examining  the  right 
hand  side  of  the  first  curve  we  find  a  straight  line  whose  equation  is 

Y  =  a  -f-  b  x.  Where  Y  =  pounds  coal  burnt  per  hour  x  —  aver- 

*  At  a  pressure  of  110  volts  at  feeder  ends. 
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age  K-  W.  a  and  b  constants  which  work  out  to  a  =  500  pounds,  b  = 
7  J  pounds. 

These  are  obtained  using  only  the  right  hand  portion  of  the 
straight  line  curve,  which  represents  times  when  the  station  was  ready- 
to  turn  out  its  full  load  or  nearly  so.  The  left  hand  portion  is  when 
some  of  the  boilers  and  some  of  the  steam  piping  is  shut  down,  making 
in  fact  a  smaller  station,  which  accounts  for  the  droop.  In  our  equation 
we  will  first  put  the  load,  or  x  =  0.  Then  y  =  500  pounds  per  hour, 
which  is  what  is  necessary  to  keep  the  station  ready  for  full  load  with- 
out turning  out  any  load.  The  other  constant  is  evidently  the  pounds  per 
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Fig.  2. — Load  Diagram,  Uctobkr  1.     Weather  Cloudy. 

K.  W.  hour  of  any  additional  load  after  paying  the  500  pounds  per  hour 
to  keep  the  station  ready.  Seven  and  a  half  pounds  of  this  coal  per  K. 
W.  hour  is  equivalent  to  about  50  pounds  steam  per  E.  H.  P.,  or  near  to 
40  pounds  per  1  H.  P.  hour,  and  since  the  engines  are  necessarily  run  a 
large  part  of  the  time  either  under-  or  overloaded,  this  does  not  compare 
unfavorably  with  the  figures  obtained  for  this  class  of  engines  on 
test  runs. 

It  should  be  noted  that  there  are  enough  engines  so  that  the  over- 
and  under-loading  of  the  engines  is  not  markedly  different  for  different 

*  At  a  pressure  of  110  volts  at  feeder  tnds. 
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*  At  a  pressure  of  110  volts  at  feeder  ends. 
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average  loads  on  tbe  station  as  is  shown  in  column  of  average  K.  W. 
per  engine  in  the  table. 

This  constant  loss  of  500  pounds  per  hour  is  composed  of  boiler 
losses,  which  are  hot  chimney  gases,  and  radiation  from  boilers,  and 
steam  pipe  losses,  including  radiation  from  steam  pipes  and  steam  leaks. 
The  two  latter  were  determined  as  follows  : — 

All  drips  were  returned  by  a  Gassett  trap  to  a  large  tank  half 
filled  with  cold  water.  The  size  of  the  tank  being  known  the  increase 
in  depth  gave  a  measure  of  the  condensation.  All  the  engines  were 
shut  down,  hence  the  total  water  used  as  per  meter  during  the  test  or 
seven  hours  corrected  for  height  of  water  in  boilers  and  minus  the  water 
condensed,  was  a  measure  of  the  steam  or  water  leaks.  The  result  was 
surprising,  the  leaks  amounting  to  about  500  to  600  pounds  water  of 
steam  per  hour,  the  condensation  to  only  about  half  that  amount  on  a 
warm  winter  night.  Another  test  on  a  very  cold  night  gave  about  80O 
pounds  leak  per  hour,  a  condensation  in  only  a  part  of  the  piping 
was  about  400  pounds.  Still  another  test,  with  one  half  of  the  steam 
piping  and  all  but  two  boilers  shut  down,  gave  radiation  200,  leak  600r 
on  a  moderately  cold  night.  A  test  one  moderately  warm  day  gave  500 
pounds  leak  per  hour.  The  condensation  includes  the  heating  of  the 
second  story  of  the  building.  The  daily  figures  for  water  consumption 
at  light  loads  after  allowing  an  estimate  for  use  for  water  closets,  etc., 
and  for  actual  steam  in  engines  themselves,  bear  out  these  figures.  As- 
these  figures  for  leak  seem  very  large,  I  wish  to  say  that  at  our  third 
station  the  tests  show  still  larger  loss  than  at  the  station  under  dis- 
cussion, yet  at  least  one  member  of  this  society  has  twice  complimented 
me  on  the  excellent  job  of  steam  piping  there.  Besides,  600  pounds  per 
hour  for  even  20  hours  is  only  about  200  cubic  feet,  and  when  boilers 
are  left  low  at  end  of  run  and  then  pumped  full  to  be  ready  for  the 
next  run,  such  a  quantity  may  easily  pass  unnoticed.  The  contraction 
of  water  when  cooling  and  the  curious  vagaries  of  the  water  in  the 
water  glass  of  a  banked  boiler  would  also  help  the  leak  to  escape  de- 
tection, without  special  tests.*  Six  hundred  pounds  steam  leak  is  about 
66  pounds  coal  per  hour.  Say  300  pounds  steam  condensation  is  about 
33  pounds  coal  per  hour.  Subtracting  these  from  the  total  of  500 
pounds,  leave  as  the  boiler  losses  about  400  pounds  coal  per  hour  for  say 
for  4£  boilers  on  an  average. 

Separate  tests  indicate  that  it  takes  about  f  ton  coal  per  day  to 
keep  up  the  pressure  in  a  boiler  of  250  to  300  H.  P.,  without  making 
any  steam,  which,  allowing  for  somewhat  greater  loss  at  full  load, 
checks  up  the  figure  of  400  pounds  we  have  just  obtained  as  well  as 
we  can  expect  in  any  discussion  of  this  sort. 

*  See  also  London  Engineering,  April  5,  1895,  for  the  amount  of  this  loss  in 
steamship  practice. 
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Fig.  4. — Load  Diagram,  December  13.    Weather  Fair. 

It  seems  probable  that  the  boiler  losses  may  be  chiefly  in  the  chim- 
ney and  not  in  direct  radiation  when  we  remember  how  long  a  boiler 
will  keep  up  its  pressure  with  the  fire  drawn,  provided  the  damper  is 
tightly  closed,  but  some  boiler  trials  I  have  made  render  me  very  chary 
of  forming  a  definite  opinion  on  this  subject.     We  then  have  for  this 


At  a  pressure  of  110  volts  at  feeder  ends. 
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station  of  1000  K.  W.  capacity,  1350  rated  I.  H.  P.,  12,390  square  feet 
boiler  heating  surface. 

66  pounds  coal  per  hour  .  .  steam  leaks. 

33       "         "      "        "     .  .  radiation  from  steam  pipes. 
400       "         "      "        "     .  .  hot  gases  and  radiation  from  boilers. 


Total   500       "         "       "        "     .  .  constant  loss  independent  of  load. 

Power  produced  7  2  pounds  per  K.  W.  hour  in  addition  to  constant 
loss. 

It  need  hardly  be  said  that  these  figures  should  not  be  considered 
as  an  exact  analysis,  but  merely  as  giving  an  idea  of  the  relative  value 
of  the  quantities.  Nor  are  they  presented  on  account  of  their  excel- 
lence, though  there  are  many  reasons  in  the  nature  of  our  business  why 
we  cannot  ever  get  as  good  results  as  with  the  absolutely  constant  load 
of  a  pump,  or  nearly  so  of  a  mill,  but  I  hope  they  will  be  of  interest  as 
showing  some  results  of  actual  running.  I  may  add  that  we  are  to-day 
producing  power  at  our  new  station  at  a  cost  per  unit  less  than  half  of 
what  it  formerly  cost  us  in  our  present  sub-stations. 

Ave. 
K.  W. 

per 
Eng. 


Tons 
N.  R. 
Coal 

Tons 
Dust 

Eng. 
Hours 

Ave. 
K.  W. 

Lbs. 
Coal 
per 
hour 

Lbs. 
Coal 
K.  W. 
hour 

1893. 

January    

February  

March 

April 

May 

June      

July 

August 

September    .    .    .    . 

October 

November    .    .    .    . 
December 

1894. 

January    

February  

March 

April 

May , 

September    .    .    .    . 

October 

November 

December  .... 


421 

333 

2432 

211.7 

2032 

9.57 

386 

292 

2102 

198.2 

2080 

10.16 

417 

338 

2423 

204.7 

2036 

9.92 

256 

256 

1633 

124.9 

1424 

11.4 

147 

163 

612 

46.8 

836 

17.8 

79 

99 

114 

7.8 

496 

61.5 

54 

54 

7 

.3 

292 

42 

58 

30 

1.2 

270 

67 

83 

98 

7.2 

418 

58.0 

92 

116 

352 

17.7 

562 

31.7 

87 

97 

375 

25.2 

512 

21.3 

118 

134 

384 

22.5 

680 

29.9 

64.7 
63-5 
62.8 
61.2 
56.8 
50.8 
50.4 
30.9 
52.2 
52.9 
48.4 
43.9 


104 

105 

596 

37.9 

748 

19.6 

98 

111 

415 

30.9 

622 

20.2 

92 

109 

299 

20.9 

542 

25.9 

60 

69 

184 

14.4 

258 

25.0 

7 

9 

0 

0 

6 

3 

0 

0 

29 

29 

87 

7.0 

156 

22.3 

86 

91 

256 

21.8 

492 

22.7 

150 

155 

412 

41.1 

822 

20.0 

47.4 
50.0 
52.1 
56.4 


52.9 
61.4 
74.1 


By  the  kindness  of  the  President  of  one  of  the  Edison  Illuminating 
Companies  I  am  enabled  to  add  as  an  appendix  the  following  extracts 
from  one  of  his  reports.  His  station  is  very  similar  to  the  one  we  have 
been  discussing,  except  that  it  is  two  or  three  times  the  size,  and  has 
some  compound  engines : 

"  Calling  your  attention  to  the  fact  that  the  operation  of  this  station 
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is  for  the  purpose  of  earning  money,  I  would  particularly  call  the  atten- 
tion of  the  Board  to  the  excess  of  the  relative  consumption  of  coal  on 
Sundays  over  week-days,  as  compared  with  the  load.  You  are  all  aware 
that  on  Sundays  the  amount  of  coal  burned  per  H.  P.  hour  sold  usually 
more  than  doubles  the  amount  of  coal  burned  on  week-days;  and  for 
this  reason  our  Sunday  load  is  very  unprofitable.  This  discrepancy, 
however,  points  out  to  us  the  existence  of  a  very  large  constant  waste, 
and  by  means  of  the  proper  comparison  it  enables  us  to  determine  the 
amount  of  this  waste  : 
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Fig.  5. — Consumption  of  Coal  at  Second  Station. 

Average  number  pounds  of  coal  burned   Sundays,  December,  1893  .        .      70,400 

"        "      "        "  "  April,  1894  .   .    .      62,000 

"  "  "         "      "         "     Week-days,  December,   1893  .    .    .    155,615 

"  "         "      "         "  "  April,  1894  .    .    .    106,680 

Average  Amperes,     Sundays,     December,  1893 1,450  2 

"  April,  1894 1,313.6 

"  "         Week-days,  December,  1894 5,512.0 

"  "  "  April,  1894 3,990.6 

Average   Voltage,     Sundays,     December,    1893 116.6 

"  "  "  April,  1894 116.3 

"  "        Week  days,  December,  1893 122.9 

"  "  "     '      April,  1893 120.0 
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SOLUTION. 

Let  W  =  waste  per  hour  of  coal  or  amount  used  in  appurtenant  ma- 
chines, exclusive  of  the  steam  engines.     B  =  true  rate  per  K.  W.  hour. 

For  December,  1893,  we  have : 

Sundays,  per  hour,  2933—  W  —  1450.2  X  U6.6  B. 

Week-days,    "        6484—  W  =  5512.    x  122.9  B. 

(6484—  W)  169093.  =  (2933—  W)  677424. 

IF  (677424.— 169093.)  =  (2933  X  677424.)— (6484.  X  169093) 

W  —  1791  pounds  per  hour.     19  tons  per  day. 

For  April,  1894,  we  have  : 

Sundays,  2583—  W  =  1313.6  X  116.3  B. 

Week-days,  4445—  W=  3990.6  X  120.    B. 
(4445— W)  152771.7  =  (2583— IF)  478872. 
W  (478872— 152771.7)  =  (2583  x  478872)— (4445  x  152771.7) 
IF  (326100.3)  =  1236926376—679070206.5 
557856169.5 

W  = =  17107.  pounds  per  hour  = 

326100.3  18.3  tons  per  day. 

The  data  for  the  solution  of  the  problem  of  the  waste  of  this  estab- 
lishment has  been  gathered  for  me  by  Mr.  A.,  as  you  see,  and  the  nu- 
merical values  in  the  equations  for  April,  1894,  have  been  checked  for 
me  by  Mr.  B.,  in  order  to  see  if  the  numerical  results  for  December, 
1893,  are  approximately  correct. 

You  will  observe  that  this  result  of  18.3  tons  loss  per  day  very 
nearly  checks  the  19  tons  loss  per  day  as  obtained  by  myself.  The 
difference  is  probably  due  to  the  difference  in  temperature  in  two 
months. 

In  what  I  have  to  say,  I  will  refer  more  particularly  to  Decem- 
ber, 1893,  which  problem  I  have  personally  solved. 

Subtracting  1,791  pounds  loss  from  2,933  pounds  daily  consump- 
tion for  Sundays,  I  would  say  that  the  result  shows  5  pounds  of  coal 
per  electrical  H.  P.  Also,  taking  up  the  question  of  week-days,  sub- 
stracting  1,791  pounds  loss  from  6,484  pounds  daily  consumption,  the 
result  shows  5.17  pounds  of  coal  per  electrical  H.  P.  hour  produced. 

This  is  the  coal  used  by  engines  aud  dynamos  engaged  in  the 
conversion  of  steam  power  into  electricity,  and  it  is  a  very  good  re- 
sult for  non- condensing  engines,  such  as  we  have  with  our  very  poor 
quality  of  coal. 

DISCUSSION. 


Mr.  George  H.  Barrus. — Mr.  Hale's  interesting  paper  brings 
forcibly  to  notice  two  points  of  great  practical  and  commercial  value 
regarding  the  design  and  operation  of  steam  plants  for  electric  work. 
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The  first  of  these  is  one  pertaining  to  the  provision  of  cheap  engines, 
instead  of  costly  ones,  for  relay  power,  and  for  use  during  the  short 
periods  of  heavy  load  ;  and  the  other,  to  the  great  loss,  due  to  leakages 
and  careless  handling,  in  steam  plants  which  are  engaged  in  the  ;_c  era- 
tion  of  electricity. 

In  a  case  like  the  Edison  Company's  plant,  where  the  geneiating 
stations  are  divided  up  into  a  number  of  individual  plants  distinct  from 
each  other,  where  the  feeder  mains  can  be  interconnected  and  the 
various  plants  operated  as  one  complete  whole,  and  where,  as  it  happens, 
the  machinery  in  one  place  is  of  the  most  economical  type,  while  in 
another  it  is  wasteful,  the  conditions  lend  themselves  most  readily  to 
dividing  the  work,  so  that  the  constant  load  may  be  carried  by  the 
economical  though  costly  engines,  while  the  excessive  heavy  loads  can 
be  taken  up  and  carried  by  the  less  economical  engines.  But  the  same 
principle  can  be  profitably  carried  out,  it  seems  to  me,  in  any  large 
individual  station  where  the  driving  plant  is  made  up  of  a  number  of 
engines.  The  design  of  such  a  station,  embracing  say  half  a  dozen  units, 
to  be  consistent  throughout,  would  provide  that  the  engines  should  be 
duplicates  of  each  other.  If  it  was  thought  best  to  employ  high  pressure 
and  the  most  economical  system  of  expansion,  the  same  design  would  be 
carried  out  on  each  of  the  six  units,  so  that  whatever  engine  is  brought 
into  use  it  would  work  with  the  highest  economy  attainable.  To  be 
consistent  in  the  design,  I  say,  this  is  the  plan  which  would  be  followed, 
although  the  high  class  engines  would  be  much  more  expensive  to  install 
than  a  type  which  would  consume  more  coal.  But  the  days  when  con- 
sistency in  design  is  the  main  thing  to  be  considered  are  long  past,  and 
the  important  thing  in  steam  and  electric  machinery  nowadays  is  to  get 
the  most  return  for  money  invested,  whether  this  be  for  non-condensing 
slide-valve  engines  which  may  use  50  pounds  of  steam  per  horse-power 
per  hour,  or  from  high  pressure  triple  expansion  jacketed  condensing 
engines  which  may  work  on  11  pounds  of  steam  per  horse-power  per 
hour.  There  may  be  some  difference  of  opinion  as  to  what  class  of 
engine  is  in  the  long  run  the  most  economical.  Whatever  this  may  be,' 
it  is  easy  to  see  that  it  is  hardly  worth  while  to  install  a  costly  engine 
for  the  sole  purpose  of  a  relay  and  for  assistance  to  the  main  source  of 
power  during  the  short  time  when  the  heavy  load  is  on,  or  during  times 
of  emergency,  for  during  a  large  portion  of  the  time  the  relay  machinery 
is  standing  idle,  or,  at  best,  only  partially  loaded.  It  seems  to  me  that 
these  relay  engines  should  be  installed  with  a  view  to  obtaining  the 
largest  amount  of  power  with  the  least  expenditure  of  money  for  the 
plant,  and  not  with  a  view  to  economizing  steam,  for  the  question  of 
fuel  economy  in  this  case  is  one  of  comparatively  small  importance. 

The  leakages  and  other  losses  due  to  improper  handling  in  a  steam 
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plant,  composed  of  a  number  of  units  in  accordance  with  electrical  light- 
ing practice,  prove  to  be  a  serious  matter,  especially  where  the  plant  is 
carelessly  handled.  The  multiplicity  of  parts,  and  the  great  number  of 
valves  and  other  complication  in  the  connecting  pipes  which  are 
required,  makes  it  easy  for  such  losses  to  go  on,  where  in  a  more  simple 
steam  plant  composed  of  only  one  engine  they  could  be  more  easily 
detected  and  prevented.  For  this  reason  much  greater  watchfulness  is 
required  than  in  ordinary  steam  engineering  work,  and,  consequently, 
in  the  absence  of  such  watchfulness  the  trouble  is  greatly  augmented. 
The  extensive  use  of  high  pressure  also  contributes  to  increased  leak- 
ages, for  the  reason  that  valves  and  fittings  become  disordered  with  high 
pressures  much  more  quickly  than  otherwise,  and  when  thus  disordered 
the  loss  from  leakage  is  much  greater  than  with  the  same  amount  of 
disorder  under  a  lower  pressure.  In  the  ordinary  run  of  electric  light 
stations  I  dare  say  that  it  would  be  a  surprise  to  the  engineer  in  charge 
if  he  were  to  know  how  much  steam  was  wasted  from  his  plant  by  leak- 
age. In  almost  any  case  if  he  were  to  shut  the  throttle  valves  of  his 
engines,  making  no  other  change  than  to  stop  the  supply  of  steam  to  the 
cylinders,  and,  at  the  same  time,  keep  one  of  the  boilers  in  operation 
with  a  view  to  maintaining  the  regular  pressure  and  keeping  up  a 
supply  for  whatever  leaks  there  might  be,  he  would  find  that  a  con- 
siderable quantity  of  coal  would  still  be  burned  to  make  up  this  loss. 
The  leakages  through  throttle  valves,  drip  valves,  separator  traps,  stop 
valves  for  connecting  pipes,  and  through  the  many  other  branch  pipes 
connected  with  the  steam  system  which  are  provided  for  convenience  in 
the  operation  of  the  station,  some  of  which  might  be  in  a  disordered 
condition,  is,  under  the  ordinary  working  practice,  a  large  quantity. 
Mr.  Hale's  paper  brings  this  fact  out,  and  shows  that  even  in  a  plant 
where  every  precaution  is  taken  to  obtain  good  service,  as  evidenced  in 
the  Edison  Company's  work,  the  same  trouble  exists,  and  it  is  of  vital 
importance. 

There  is  another  point  which  concerns  the  economy  of  the  boilers, 
and  that  is  the  loss  due  to  banking  fires.  A  fire  may  be  banked  and 
the  boiler  kept  in  condition  for  future  work  witb  very  little  loss  of  fuel, 
but  this  cannot  be  done  unless  the  doors  are  closed  and  the  damper  is 
shut  off  so  tightly  that  no  cold  air  passes  through  from  the  furnace  to 
the  chimney.  In  the  common  practice  this  does  not  occur,  for  even  with 
the  damper  nominally  closed  there  is  enough  opening  to  produce  a 
considerable  current  of  cold  air  through  the  structure,  and  the  result  is 
that  the  boiler  is  cooled  down,  the  inrush  of  air  burns  up  the  coal  in  the 
bauk,  and  the  loss  thus  sustained  must  be  made  good  by  the  use  of 
fresh  coal,  when  the  boiler  again  requires  to  be  set  to  work. 
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SOLID   FLOORS  FOR  RAILROAD  BRIDGES.— THEIR 
MERITS  AND    THE    CALCULATION  OF    THEIR 

STRESSES. 


By  Henry  Goldmark,  Member  of  the  Western  Society  op  Engineers. 


The  iron  and  steel  bridges  erected  on  American  railroads,  during 
the  past  few  years,  undoubtedly  show  a  great  improvement  over  the 
older  designs.  The  changes  consist  in  the  use  of  simpler  and  better 
forms  of  construction,  combined  with  a  marked  increase  in  the  weights 
of  the  spans. 

In  fact,  as  far  as  the  principal  members  are  concerned,  the  cross- 
sections  in  our  latest  bridges  are  of  ample  size,  and  the  unit  strains  are 
very  moderate. 

Few  engineers  will  question  the  wisdom  of  thus  providing  a  liberal 
amount  of  material  to  withstand  the  shocks  and  vibrations  of  rapidly 
moving  trains.  We  must  not  forget.however,  that  the  proper  dimension- 
ing of  the  truss  members  and  the  floor  girders  is  after  all  only  one  part 
of  a  bridge  design.  The  choice  of  the  most  advantageous  form  and  depth 
for  the  trusses,  the  selection  of  a  proper  floor  system,  and,  last  but  not 
least,  the  design  of  the  details  and  connections  are  of  even  greater  im- 
portance. 

Undoubtedly,  improvements  have  been  made  in  all  these  points,  but 
a  candid  observer  can  hardly  doubt  that  there  is  need  of  much  further 
progress.  It  has  indeed  been  asserted,  quite  recently,  and  on  excellent 
authority,  that  the  evolution  of  the  railroad  bridge  is  practically  com- 
pleted, but  history  and  the  observation  of  present  practice,  alike  refute 
any  such  theory  of  perfection. 

It  is,  on  the  contrary,  perfectly  clear,  that  much  work  remains  to  be 
done  in  investigating  the  problems  involved  in  bridge  design  and  the 
best  methods  of  solving  them,  before  we  can  hope  to  succeed  in  building 
thoroughly  rigid  and  durable  as  well  as  safe  structures. 

Railroad  bridges  may  be  divided  into  two  classes,  the  requirements 
for  which  are  widely  different. 

There  are,  on  the  one  hand,  large  bridges,  consisting  generally  of 
several  spans  of  considerable  length,  and  crossing  important  rivers.  In 
such  structures  the  dead  weight  of  the  iron  work  will  necessarily  be  great, 
while  the  speed  of  the  trains  is  likely  to  be  moderate.  The  truss  work 
of  these  long  spans  will  be  subjected  to  strains  of  essentially  the  same 
character  as  those  produced  by  quiescent  loads.  Within  reasonable 
limits  the  use  of  long  panels  and  high  trusses  will  not  be  objectionable 
on  practical  grounds,  while  it  will,  of  course,  produce  a  high  degree  of 
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economy.  The  advantages  of  pin  connections,  too,  can  be  obtained  with- 
out any  accompanying  drawbacks.  Moreover,  as  the  speed  of  the  trains 
is  slow,  the  floor  system  will  not  be  subjected  to  excessive  strains  from 
impact,  while  derailments  will  rarely  occur.  In  such  bridges,  economy 
of  material  is  eminently  desirable  from  every  point  in  view,  so  long  as 
the  prescribed  strength  is  maintained. 

On  the  other  hand,  we  have  the  great  bulk  of  our  railroad  bridges, 
viz. :  the  shorter  spans  which  form  an  integral  part  of  our  railroad  lines. 
They  are  of  moderate  length,  few  of  them  being  over  150  feet  long,  and 
are  habitually  passed  over  by  trains  at  full  speed. 

The  conditions  to  be  met  in  designing  such  short  spans  are  evidently 
very  different  from  those  to  which  bridges  of  the  first  class  are  subjected. 
Their  length  being  small,  the  impact  of  the  live  load  on  all  parts  of  the 
iron  work  is  violent,  and  great  care  must  be  taken  to  minimize  its 
effects.  Mathematical  analysis  is  of  little  service  in  settling  the  questions 
involved.  The  static  forces  contained  in  ordinary  strain  sheets  are  by 
no  means  a  measure  of  the  work  the  metal  has  to  do,  while  the  more 
complicated  theories  on  secondary  and  impact  strains  are  as  yet  scarcely 
in  a  shape  fit  for  practical  use.  The  engineer's  judgment  based  on 
practical  experience,  and  a  study  of  bridges  under  the  action  of  traffic, 
will  have  to  be  the  main  guide  in  designing. 

Fortunately,  iron  railroad  bridges  have  been  in  use  long  enough 
and  in  sufficient  numbers  to  give  an  inductive  method  of  this  kind  a 
good  chance  of  application.  Those  bridges  which  have  actually  failed 
while  in  service,  as  well  as  others  that  have  been  replaced  for  structural 
weakness,  present  abundant  material  for  criticism  and  study. 

For  short  spans,  more  than  for  any  others,  the  aim  of  the  designer 
should  be  to  produce  a  structure  which  shall  act,  as  far  as  possible,  as  a 
single  unit,  with  the  least  possible  movement  of  the  separate  parts,  as 
well  as  of  the  bridge  as  a  whole.  All  types  of  truss,  and  all  details  and 
connections,  which  conflict  with  this  requirement  must  be  discarded. 
Economy  should,  of  course,  be  studied,  but  it  will  be  found  to  consist 
rather  in  using  such  forms  as  are  simple  in  detail  and  easy  of  construc- 
tion than  in  striving  to  reduce  the  weight  of  metal  used  to  a  minimum. 
As  an  increase  in  the  weight  of  the  iron  work  and  the*  flooring  is  the 
most  efficient  means  of  absorbing  shock  and  decreasing  vibrations,  any 
additional  metal  in  a  short  span  is  of  decided  advantage,  and  the  expense 
involved  is  usually  small  as  compared  with  the  total  cost.  In  connection 
with  this  matter,  it  must  be  remembered  that  the  actual  expense  of  the 
shop  work  remains  almost  the  same  even  though  the  weight  of  the  sec- 
tions be  considerably  increased.  At  the  present  time,  steel  shapes  for 
bridge-work  can  be  bought  at  the  Pittsburg  mills  for  a  price  barely 
exceeding  one  cent  per  pound,  so  that  to  adopt  an  economy  of  material, 
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which  may  shorten  the  life  of  the  structure,  appears  more  than  ever  a 
short-sighted  policy. 

A  neglect  of  the  above  considerations  was,  however,  quite  general 
in  American  iron  bridge-work  at  no  remote  period  in  the  past.  The 
sound  practical  judgment  which  had  given  to  the  world  such  valuable 
constructions  as  the  Howe  truss  and  the  timber  trestle  seemed  for  some 
years  entirely  set  aside,  and  the  desire  for  an  extreme  economy  super- 
seded all  other  considerations  in  the  design  of  iron  bridges.  To  this 
period  belongs  a  type  of  bridge,  unfortunately  not  yet  extinct  on  Ameri- 
can railroads,  in  which  the  requirements  of  rigidity  were  almost  wholly 
disregarded.  Even  for  the  very  shortest  spans  the  use  of  eyebars  and 
rods  connected  by  small  pins  was  universal  in  the  trusses,  while  the 
lateral  and  floor  systems  were  connected  in  the  loosest  possible  way.  On 
a  well-known  Western  railroad,  the  writer  recalls  examining  a  sixty-foot 
iron  deck  span,  which  was  made  up  of  some  three  hundred  separate 
members  and  details  connected  by  pins.  The  vibrations  of  this  bridge 
under  a  moving  train  were  quite  alarming,  although  the  sections  of  the 
truss  members  were  in  virtual  agreement  with  the  usual  strain-sheet 
requirements. 

Of  late  years,  as  is  well  known,  the  merits  of  plate  girders  for  rail- 
road work  have  been  more  fully  appreciated,  and  this  excellent  form  of 
construction  has  come  into  general  use  up  to  lengths  of  80  and  even  100 
feet.  For  longer  spans  the  riveted  lattice  type  is  constantly  growing  in 
favor,  and  is  likely  to  become  the  standard  form  for  all  ordinary  railroad 
bridges.  The  experience  of  those  American  railroads  that  have  adhered 
to  riveted  connections  from  an  early  day  has  been  a  very  satisfactory 
one,  while  European  practice  has  been  wholly  on  this  line.  It  seems  to 
the  writer  that  this  development  of  truss  construction  is  the  best  possible 
one  for  obtaining  rigidity  in  our  bridges. 

With  regard  to  the  floor  system,  it  may  fairly  be  said  that  its  proper 
design  is  of  even  greater  importance  than  that  of  the  trusses.  It  is  that 
part  of  the  bridge  with  which  the  engine  and  train  loading  first  come  in 
contact,  and  all  its  details  and  connections  are  subjected  to  violent 
strains.  It  also  serves  to  tie  the  two  trusses  together,  and  thus  forms  an 
important  part  of  the  lateral  bracing.  Any  increase  in  the  engine 
weights  affects  the  short  girders  of  the  floor  system  far  more  seriously 
than  any  other  part  of  the  bridge.  In  fact,  a  decrease  in  the  wheel  base 
alone,  without  any  change  in  the  total  loading,  may  have  a  dangerous 
effect  on  the  floor.  As  an  instance  of  this,  the  writer  may  mention 
a  case  in  his  practice  where  by  merety  shortening  by  twelve  inches  the 
driving  wheel  base  of  a  ten-wheel  engine  the  strains  in  the  floor-beams 
and  stringers  were  increased  fully  twenty  per  cent.  For  this  reason  the 
floor  system  is  usually  the  first  part  of  a  bridge  to  be  overstrained  by 
the  introduction  of  new  types  of  locomotives. 
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The  main  defects  of  our  ordinary  floor  systems,  however,  lie  much 
deeper  than  in  the  mere  scant  proportioning  of  the  sections,  and  are  more 
difficult  to  remedy.  While  most  floors  are  strong  enough  to  carry  an 
engine  and  train  safely  under  normal  conditions,  few  will  do  so  when  any 
part  of  the  train  is  derailed  or  in  "  bad  order."  It  is  indeed  often  main- 
tained that  a  bridge  floor  is  intended  to  carry  a  train  when  it  is  on  the  track 
and  not  on  the  ties,  and  that  the  engineer's  task  is  fulfilled  when  he  has 
built  a  structure  capable  of  doing  so.  This  explanation  of,  or  apology 
for,  bridge  failures,  absurd  as  it  is,  has  often  been  heard,  even  from  men 
directly  engaged  in  designing  bridges. 

The  point  at  issue  is  a  severely  practical  one.  The  railroad  mana- 
ger and  the  traveling  public  are  right  in  asking  that  the  railroad  bridge, 
like  any  other  tool,  should  be  capable  of  accomplishing  such  work  as  it 
is  liable  to  be  called  upon  to  do  during  its  life. 

As  a  matter  of  fact,  the  occurrence  of  a  broken  brake  rigging  or 
axle,  a  cracked  wheel  or  a  derailed  truck,  are  conditions  likely  to  con- 
front it  at  every  movement. 

We  cannot  be  asked  to  do  what  is  impossible,  but  if  a  floor  system 
can  be  designed  which  will  be  safe  even  under  such  untoward  conditions,, 
it  is  clearly  our  duty  to  provide  it. 

A  safe  bridge  floor  should  be,  what  it  was  called  by  the  early 
English  engineers,  a  platform,  i.  e.,  an  unbroken  surface  from  one  end  of 
the  span  to  the  other,  strong  enough  and  rigid  enough  to  support  a  mov- 
ing or  even  a  derailed  train  at  any  point.  If  the  floor  meets  these 
requirements,  it  will  go  far  towards  making  a  total  collapse  of  the  bridge 
structure  impossible.  It  will,  perhaps,  be  objected  that  a  derailed  car  is 
likely  to  strike  the  trusses  before  reaching  the  edge  of  such  a  platform,, 
so  that  it  is  unnecessary  to  provide  an  unbroken  deck  of  full  width. 
But  even  when  this  occurs,  the  car  is  sure  to  do  less  injury  to  the  trusses^ 
if  it  is  properly  supported  on  the  top  of  the  floor,  than  it  would  be  when 
dropping  through  the  gaps  of  an  open  or  discontinuous  flooring. 

Even  the  best  of  our  ordinary  floor  systems  do  not,  in  the  opinion 
of  the  writer,  conform  fully  to  the  requirements  laid  down  above,  while 
on  the  majority  of  railroads  there  are  at  least  some  spans  with  very 
defective  floors.  In  the  United  States,  timber  was  for  a  long  time  the 
sole  material  in  use  for  the  stringers,  ties  and  guard-rails  of  bridges,  and 
in  many  cases  for  the  transverse  floor-beams  as  well.  Of  late,  iron 
rolled  beams  or  short  plate  girders  have  replaced  the  wooden  stringers,, 
though  for  ties  and  guard-rails  timber  is  still  universally  used.  There 
is  no  doubt  that  with  a  proper  proportioning  and  spacing  of  the  string- 
ers and  ties,  and  securely  fastened  guard-rails,  timber  floors  can  be  built 
which  will  be  fairly  safe  as  long  as  the  timber  is  new.  As  a  matter  of 
fact,  the  ties  are  too  short  and  spaced  at  too  great  intervals  on  most 
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bridges,  while  the  arrangement  of  the  guard-rails  is  faulty,  so  that  a 
derailed  train  finds  but  little  support. 

To  be  entirely  secure,  there  should  be,  at  least,  four  lines  of  iron 
stringers,  the  outer  ones  being  close  to  the  trusses,  and  strong  timber 
ties  spaced  very  closely,  preferably  with  openings  not  exceeding  four  to 
six  inches.  The  guard-rails  should  consist  of  iron  or  of  timbers  pro- 
tected by  iron  angles,  and  it  is  desirable  to  have  an  inner  as  well  as  an 
outer  rail.  A  floor  of  this  kind  will  necessarily  be  somewhat  expensive 
and  difficult  to  renew ;  the  danger  from  fire  will  always  be  present,  and 
its  life  will  rarely  exceed  eight  to  ten  years.  With  heavy  engines,  the 
rails  ai*e  likely  to  cut  into  the  ties,  and  the  rail  fastenings  to  become 
loose.  As  a  whole,  even  the  best  timber  floors  will  be  far  from  fulfilling 
all  necessary  requirements  as  to  safety  and  durability. 

Of  late  years,  solid  or  continuous  floors  of  iron  or  steel  have  come 
into  use  on  a  number  of  American  railroads,  though  generally  only  in 
exceptional  cases.  In  England  they  have  for  many  years  been  exten- 
sively employed.  They  consist,  as  a  rule,  of  a  series  of  troughs  running 
transversely  to  the  main  girders  or  trusses,  to  which  they  are  fastened. 
In  some  cases  the  troughs  are  replaced  by  rolled  beams,  closely  spaced 
and  connected  by  a  continuous  iron  plate.  The  rails  are  either  fastened 
directly  to  the  iron  troughs  or  to  timber  cross-ties.  In  the  latter  case 
there  is  often  a  ballast  filling,  so  that  adjustments  in  the  track  can  be 
made  by  tamping. 

The  best  of  these  constructions  possess,  in  the  opinion  of  the  writer, 
many  advantages  over  timber  floors,  with  but  few  drawbacks,  while 
their  expense  is  not  unreasonably  great.  They  present  an  unbroken 
platform  or  surface,  equally  strong  at  all  points,  and  besides  this,  form 
a  very  rigid  system  of  lateral  bracing  between  the  trusses.  There  is 
also  the  incidental  advantage  that  the  tracks  may  cross  the  floor  at  any 
angle,  so  that  frogs  and  switch  connections  can  be  placed  anywhere  on 
the  bridge.  Where  a  very  shallow  floor  is  a  necessity,  the  trough  con- 
struction is  often  the  only  feasible  form.  The  avoidance  of  fire  risks  is, 
of  course,  an  additional  recommendation  for  iron  as  compared  with  a 
timber  floor. 

While  the  solid  floor  is  still  something  of  a  novelty  in  America,  it 
is  likely  to  be  used  more  extensively  in  the  future,  as  it  possesses  great 
merit  as  compared  with  other  forms. 

As  a  matter  perhaps  not  devoid  of  interest,  the  writer  begs  to  pre- 
sent some  computations  made  by  him  on  certain  types  of  solid  floor 
during  the  past  year  or  two.  It  is  believed  that  the  theory  of  strains 
involved  may  offer  some  points  of  value,  apart  from  its  application  in 
practical  designing. 

The  forms  selected  are  shown  in  Figs.  1  to  5,  in  which  the 
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troughs  with  inclined  sides  (Figs.  3  and  4)  represent  the  shapes  used  by 
the  Illinois  Central  Eailroad  on  its  elevated  tracks  in  the  city  of  Chicago, 
while  the  square  troughs  were  adopted  by  the  Lake  Shore  and  Michigan 
Southern  and  the  Chicago,  Rock  Island  and  Pacific  Railroads,  for  simi- 
lar work  constructed  in  1894. 


.  HML-mom  OFIHERTIR-  zz 

mom  or  rest  top-  as*,  aorm  s.ss 


T 


The  mechanical  theory  of  least  work  was  first  applied  to  the  calcula- 
tion of  the  strains  in  solid  floors  in  a  very  interesting  and  valuable 
article  on  the  subject,  published  a  year  or  two  ago,  with  examples  from 
English  practice.* 

As  in  all  structural  work,  there  are  two  points  to  be  determined : 

(a)  The  maximum  stress  that  will  occur  in  any  part  of  the  struc- 
ture under  the  applied  loads. 

(6)  The  deformations  and  deflections  accompanying  such  strains. 

The  solution  cannot  be  obtained  in  this  case  by  statics  alone,  as  it 
involves  some  considerations  which  belong  to  the  theory  of  elasticity. 

Taking  the  floor  shown  in  Fig.  4,  we  have  evidently  a  combina- 
tion of  a  certain  number  of  transverse  beams  13  feet  long,  supported  on 
the  main  girders,  and  two  longitudinal  beams,  viz.,  the  track  rails.  If 
IF  represents  a  wheel-load  directly  over  one  of  the  troughs,  this  trough 
as  well  as  the  rail  at  this  point  will  deflect  a  certain  amount.  The  rail 
in  its  turn,  will  depress  the  troughs  at  either  side,  and  thus  the  weight 


*  Cf.  Engineering  (London),  September  15,  1893. 
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IF  will  be  distributed  over  a  number  of  troughs.     We  have,  therefore: 

W=  R0  +  2i?!  +  2i?2  +  2R3  -f  2i?4, 
where  the  number  of  troughs  to  be  taken  iuto  consideration  depends  on 
the  relative  rigidities  of  the  rail  and  the  troughs.  The  problem  then 
resolves  itself  into  finding  out  in  what  proportion  W  is  carried  by  the 
different  troughs ;  when  this  is  known  the  strains  in  the  troughs  and  the 
rails  can  be  computed  by  the  ordinary  theory  of  beams. 

By  the  principle  of  least  ivork  we  can  conclude  at  once  that  the  dis- 
tribution of  loading  will  be  such  that  the  total  work  done  in  deforming 
the  rails  and  the  troughs  will  be  a  minimum.  It  remains,  then,  to  find 
an  expression  for  this  work  of  deformation  and  from  it  to  deduce  R0, 
i?lt  R2,  etc.,  in  terms  of  W.  By  a  formula  due  to  Euler,  we  know 
that,  for  any  beam  of  uniform  cross-section  and  materials 

1    c 

The  Work  of  Bending  = ' 

2EI J 
where  M  =  Bending  Moment  of  External  Forces 

E  =  Modulus  of  Elasticity, 
and      I  =  Moment  of  Inertia. 
Applying  this  formula  to  our  case. 
The  work  of  bending  one  trough  under  two  loads  R  (Fig.  5) 

= R  2x  2dx  H I       48  *R*  dx 

EIJ  °  2EIJ  48 

Which  by  integration  substituting  for  Jits  value  =  22 

R* 

=  1606  — 

E 


'M*dx 


This  formula  may  be  proved  as  follows 

1 


Fig.  6. 

If  Fie:.  6  represents  a  beam  cut  at  any  point, 

Let  dF  =  an  elementary  area  at  a  distance  y  from  the  central  axis. 

g  =  unit  strain  on  dF. 

Then  sdF=  total  force  acting;  on  dF. 

=  elementary  distance   passed  over   by  this  force  ;   and  work   done  = 


E 


I  sdF   §  dx 


which  for  the  whole  cross-section  = 


2  EI 


M2  dx. 


This  expression  when  integrated  for  any  given  length  of  the  beam  gives  the 
form  in  the  text. 
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Hence  if   TJt  =  work  of  bending  all  the  troughs 
1606 
UT  = (i?02  +  2  iV  +  2  i?22  +  2  R3*  +  2  £4*) 

Or,  by  substitution,  since  i?0  =  W—2EX  —  2E2—2E3—2Ei 

1 
Uj  =—(1606    TF2    +   9636  Bx*   +  9636  E<*   +  9636  .Rg2   + 
E 
9636  i?42  +  12848  Ex  E2  +  12848  i^  E3  +  12848  12  x  J?4  + 
12848  E2  E3  -f-  12848  Us  £4  +  12848  E3  E4  —  6424  IFi?!  — 
6424  WE2  —  6424  WE3  —  6424  TTi?4). 
Again  from  formula  (J.) ; 
If  JJR  =  work  of  bending  the  two  rails, 

TJr= (  f  My  2dx  +  f  M2  *dx  +  f  M3  *dx  +  f  Jf4  2cfo."i 

EIVJ  o  J  o  J  o  J  o  J 

Where  MY  M2  M3  M±  are  bendiug  moments  in  the  different  panels 
of  the  rail. 

The  rail  is  here  a  continuous  girder  with  reactions  at  the  supports 
=  E0,  Ex,  E2,  E3  and  i?4,  respectively,  so  that  we  can  write 

Mx  =  E4  x 

M2=E±l+  E^x  +  E3x 

M3  =  2  EJ  +  E3l  +  E2  x  +  £3  x  +  J24  x 

M4  =  3  EJ  +  2  E3l  -\-  B2l  +  B4  x  +  B3  x  -{-  B2  x  +  B{  x 
where  I  =  the  panel  length  =  16  inches. 

By  reduction  we  have: 
1 
Vr  =  —  (3972i?42  +  1676JR32  +  497  E22  +  62^ 2  +  1738  E2E3  + 

497  Ex  E3  +  310  R1  E*  +  5027  i?3  i?4  +  2483  J22JR4  + 

683  Ey  i?4). 
Hence  if  U  =  Ut  +  TJr  =  total  work  done. 
We  can  write : 

Z7-*  (1606  W*  +  13608  i?42  + 11312  i?32  +  10133  E22  +9698i212 
Mi 

-f  13158  Ex  E2  +  13345  R1  E3  +  13530  Ex  E4  +  14586  E2  E3  + 

15331  i?2  E4  +  17875  £3  i?4  —  6424  WEX  —  6424 

WE2  —  6424  TFi?3  —  6424  WE±) 

This  is  a  function  of  i?4  i?3  J?2  and  E±  and  will  be  a  minimum 

when  all  the  partial  derivatives  are  equal  to  zero. 

Differentiating  we  have  : 
«QT  =  E  f27216  ^  +  17875  ^3+  15331  ^2+  13531  ^1  —  6424  TP) 


clU 
dR2 
dJJ 
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~~-  =  ~  f 17875  R±  +  22624  R3  +  14586  R2  +  13345  R1  —  6424  w\ 
=  ~  f 15331  i?4  +  14586  i?3+  20265  i?2  +  13158  JR1  —  6424  IF) 

ijr  =j?  (l3531  i?4  +  13345  R3  +  13158  #2  +  19396  R1  —  6424  If) 

Equating  these  to  zero  and  reducing  we  have: 

424  Ri  +  279  R3  +  239  i?2  +  210  R1  =  100  W 
279  i?4  +  362  R3  +  227  i?2  +  208  Rx  =  100  >F 
239  R4  +  227  i?3  +  316  R2  +  205  Rx  =  100  TT 
210  Ri  +  208  ii'g  +  205  R2  +  302  .Rj  =  100  TF 
These  simultaneous  equations  may  be  solved^without  any  especial  diffi- 
culty and  give  : 

i?0  =  .192    W. 
R,  =  .173   W. 
R2  =  .120   W. 
R3  =  .080   W. 
Ri=Ml   W. 
By  the  same  method  we  get  for  the  second  type  (Figs.  1  and  2) : 
i?0  =  .39    W. 
R1=.26   W. 
i?2=.09   W. 
rI  =  —  M5   W. 
Having  thus  obtained  the  proportion  of  a  single  concentrated  load 
carried  by  the  different  troughs,  the  calculation  may  readily  be  extended 
to  any  system  of  axle  loads  desired. 

In  practice  the  driving-wheels  of  engines  are  rarely  less  than  five 
feet  apart,  and  we  may  suppose  a  wheel  to  be  placed  at  every  fourth 
trough  in  Fig.  4,  or  every  third  trough  in  Fig.  1. 

Combining  the  percentages  of  W,  which  are  thus  concentrated  on 
the  different  troughs,  we  find  that  the  distribution  of  the  loading  over 
all  the  troughs  of  the  floor  will  be  nearly  uniform.  In  other  words,  in 
the  first  case  each  trough  carries  one  quarter  of  the  wheel  load,  and  in 
second  case,  one  third.  These  results  enable  us  to  compute  the  greatest 
strains  likely  to  occur  in  any  one  trough  with  a  degree  of  accuracy 
fairly  comparable  with  that  obtained  in  the  other  parts  of  bridges.  It 
may  indeed  be  objected  that  the  stiffness  of  the  rail  is  depended  upon  to 
a  greater  degree  than  is  proper,  but  it  is  doubtful  whether  the  condi- 
tions under  which  the  rail  acts  on  a  bridge  of  this  kind  are  not  more 
favorable  to  its  life  than  those  met  with  on  the  rest  of  the  road-bed. 

A  further  point  has  been  raised  as  to  the  effect  of  an  inefficient  rail 
joint  on  the  distribution  of  the  loading.  Some  computations  have  been 
made  by  the  writer  on  this  point.     In  order  to  make  the  case  as  unfavor- 
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able  as  possible,  the  joint  plates  have  been  supposed  to  be  entirely- 
removed.  The  result  of  the  computation  indicates  that  even  in  this 
case  the  maximum  load  on  a  trough  is  but  slightly  increased  over  the 
proportions  tabulated  above. 

In  some  cases,  moreover,  additional  iron  rails,  or  deck  beams  and 
angles,  have  been  used  as  guard-rails,  which  are  of  course  quite  efficient 
in  distributing  the  load  longitudinally. 

It  is  beyond  the  scope  of  this  paper  to  discuss  at  length  the  different 
forms  of  solid  floors  or  their  relative  strength. 

The  question  of  depth  is  often  decided  by  local  considerations  which 
govern  special  cases.  As  shown  by  a  comparison  of  the  two  cases  con- 
sidered above,  the  shallower  floors  distribute  the  loading  more  widely 
and  thus  reduce  the  strains  and  lead  to  an  economy  of  material.  They 
are,  however,  not  very  stiff  under  trains,  and  this  lack  of  rigidity,  though 
perhaps  advantageous  to  the  rolling  stock,  may  tend  to  loosen  the  rivet 
connections  or  even  the  track  fastenings.  The  deeper  floors  concentrate 
the  loading  so  that  each  trough  contains  more  metal,  and  the  floor  is 
made  more  rigid  even  if  it  is  not  stronger  than  one  of  lesser  depth. 

It  seems  advisable  on  the  whole  not  to  go  below  a  depth  of  nine  or 
ten  inches  for  the  floors  of  single-track  bridges,  at  least  under  such  heavy 
train-loads  as  must  usually  be  provided  for. 


DISCUSSION. 


Mr.  Wallace. — Mr.  Goldmark  has  evidently  overlooked  the  fact 
that  the  C.  M.  and  N.  Division  of  the  Illinois  Central  has  five  bridges, 
having  the  style  of  floor  mentioned  in  the  first  part  of  his  paper,  or  a 
similar  style,  that  have  been  in  service  five  years.  This  floor  was 
designed,  under  the  general  direction  of  Mr.  E.  L.  Corthell,  by  Mr.  A.  F. 
Robinson,  and  was  used  in  five  bridges  on  what  is  known  as  the  Clyde 
viaduct,  where  the  Illinois  Central  crosses  the  Chicago,  Burlington  and 
Quiney  Railroad,  west  of  the  city.  One  of  these  bridges  is  a  150  feet 
span ;  the  other  four  are  plate  girders.  The  depth  of  the  trough  was  12 
inches,  and  made  substantially  square,  as  shown  on  drawings.  The  tie, 
however,  rests  on  a  reversed  angle  placed  6  inches  below  the  top  of  the 
trough  ;  the  tie  being  8  inches  in  thickness,  the  rail  rests  on  the  tie,  clear- 
ing the  ironwork  2  inches,  the  tie  serving  as  a  cushion  between  the  bridge 
floor  and  the  rail.  This  floor  is  very  stiff  and  has  given  satisfactory  re- 
sults. This  trough  section  of  floor  (indicated  on  drawing),  the  design 
mentioned  by  Mr.  Goldmark  as  being  used  on  the  bridges  over  the  streets 
on  the  Illinois  Central  elevated  work  through  Hyde  Park,  was  adopted 
on  account  of  its  being  a  commercial  section  that  could  be  easily  and 
quickly  procured;  as,  after  the  railroad  company  decided  to  do  this  work 
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there  only  remained  nine  months  to  design  and  construct  the  bridges, 
and  it  was  found  the  work  would  be  delayed  in  case  any  other  design 
was  used.  It  was  therefore  not  considered  advisable  to  make  a  special 
design  and  run  the  risk  of  delay. 

In  the  original  plan  the  ties  rested  on  the  bottom  of  the  troughs,  as 
indicated  by  Mr.  Goldmark,  it  being  the  intention  to  bed  the  ties  in  a 
preparation  of  asphalt  or  asphalt  concrete,  in  order  to  deaden  the  noise 
and  preserve  the  ties.  It  was  afterwards  found,  however,  that  this  work 
could  not  be  contracted  for  at  less  than  $1.25  or  $1.50  per  tie,  and  that 
no  track  could  be  spared  from  service  for  our  own  men  to  do  the  work, 
and  the  plan  was  abandoned,  the  ties  being  permitted  to  rest  on  the  bot- 
tom of  the  troughs  as  indicated  in  the  drawings.  The  ties  are  now  being 
taken  out  of  the  troughs  and  shifted  so  as  to  rest  on  top  of  the  sections, 
enabling  the  troughs  to  be  regularly  cleaned   out  and  properly  painted. 

While  these  floors  have  given  very  satisfactory  results,  and  after 
sixteen  months'  hard  usage  we  have  found  no  loose  rivets,  the  present 
plan  will  add  strength  to  the  floor,  and  is  expected  in  some  measure  to 
relieve  the  strain  on  the  rivets.  Our  fast  suburban  trains  are  now  pass- 
ing over  this  floor  at  10  to  15  minutes  intervals  and  at  speeds  of  from  45 
to  50  miles  an  hour.  The  traffic  on  the  other  tracks  is  heavy  and 
continuous. 

The  additional  reason  we  had  for  taking  the  ties  out  of  the  troughs 
and  putting  them  on  top  of  the  sections  was  to  relieve  the  rail  from  the 
liability  of  contact  with  the  iron  by  cutting  into  the  ties,  as  when  the 
ties  remained  in  the  troughs  there  was  only  a  fraction  of  an  inch  clear- 
ance, and  as  we  are  using  the  track  circuit  for  the  operation  of  our  block 
signals  the  rail  coming  in  contact  with  the  iron  would  interfere  with  the 
satisfactory  operation  of  these  signals. 

Mr.  W.  R.  Roberts. — I  would  like  to  ask  how  high  the  ties  are  ? 

Mr.  Wallace. — Six  inches. 

Mr.  Bainbridge. — I  would  like  to  ask  if  you  have  any  trains  off 
the  tracks  under  those  conditions  ? 

Mr.  Wallace. — No. 

Mr.  Roberts. — I  would  like  to  ask  what  the  deflection  was  ? 

Mr.  Goldmark. — In  this  case  the  deflection  was  less  than  half  an 
inch. 

Mr.  Roberts. — That  is  under  the  rail  ? 

Mr.  Goldmark. — Yes. 
•  Mr.  Lundie  — In  Mr.  Goldmark's  equation  he  equates  the  work 
done  by  W  to  the  work  done  by  rail  and  troughs.  There  is  the  work 
done  by  the  girders,  the  structure  being  elastic  and  having  deflection, 
Now,  do  you  take  any  account  of  the  ties,  or  do  you  consider  they  dis- 
tribute the  work  uniformly  along  the  troughs.  Will  not  that  form  an 
important  element  in  figuring  the  deflection? 
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Mr.  Goldmark. — It  would,  but  the  deflection  is  so  slight,  I  did 
not  introduce  the  deflection  in  the  calculation  of  that  work  at  all. 

Mr.  Lundie. — Take  the  work  of  the  tie,  will  it  not  affect  the 
result  ? 

Mr.  Goldmark. — Yes  ;  but  it  will  be  favorable;  the  deflection  will 
be  even  less. 

Mr.  Wallace. — I  understand  that  you  did  not  take  into  consider- 
ation the  work  of  the  tie  itself  at  all  ? 

Mr.  Goldmark. — No ;  I  did  not.  That  would  make  each  girder 
a  little  bit  stronger  than  it  would  be  otherwise.  Just  how  much  I  do 
not  think  it  would  be  easy  to  say,  but  it  will  make  all  the  expressions 
a  little  stronger. 

Mr.  Wallace. — In  connection  with  the  ties  I  would  like  to  make 
this  remark,  that  the  girders  along  the  Illinois  Central  are  generally 
placed  13  foot  centers,  and  several  times  we  have  changed  our  tracks 
from  one  space  to  another,  and  in  one  case  we  were  not  able  to  get  our 
iron  floors  for  them,  and  we  support  our  tracks  over  these  openings  by 
stringers,  which  are  virtually  ties,  resting  on  the  flanges  of  the  girders 
here  (indicating  shelf  angles),  and  not  having  solid  floors.  We  are 
using  12  x  12  and  8  x  16-inch  ties,  they  are  ties  or  floor-beams,  whatever 
you  may  call  them,  resting  on  the  bottom  flange  here.  (Indicating 
shelf  angles.) 

Mr.  Horton. — I  wish  to  place  myself  on  record  in  support  of  Mr. 
Goldmark's  suggestion  that  bridge  designs  should  be  simple,  using  ma- 
terial from  the  rolls  in  large  sizes  rather  than  small.  If  a  flange  of  a 
girder  requires  a  total  section  not  exceeding  what  may  conveniently  be 
procured  in  two  angles,  use  two  angles  only.  Relieve  the  girder  of  stiff- 
eners  ;  except  where  there  is  some  reason  to  suppose  they  are  useful.  Put 
the  weight  of  useless  stiffeners  into  extra  thickness  of  web  or  other  parts, 
to  the  end;  that  the  structure  shall  be  better  prepared  to  resist  shocks  as 
well  as  destruction  caused  by  rust. 

Following  this  line  of  thought,  I  think  a  clause  introduced  in  speci- 
fication, requiring  all  metal  to  be  at  least  5  inch  thick,  would  be  in  the 
right  direction.  Mr.  Goldmark's  investigation  would  lead  to  the  con- 
clusion that  the  quite  general  specification  (for  timber  ties  laid  on  string- 
ers, say,  1  foot  4  inch  centers),  that  three  ties  be  assumed  to  carry  a 
full  wheel  load,  is  satisfactory,  in  fact  fully  justified  by  the  investigation. 

In  the  solution  of  equations  as  they  appear  from  Fig.  4,  and  assum- 
ing an  additional  wheel  load  placed  at  i?4,  both  right  and  left,  we  dis- 
cover that  the  rail  is  called  upon  to  act  as  a  continuous  beam  5  feet  4 
inches  between  supports,  resulting  in  nearly  equal  distribution  of  the 
load  on  the  points  i?0  Ri  Ri  Ri  Ri- 

With  a  wheel  load  of  36,000  pounds  at  R0,  and  also  at  i?4,  both 
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right  and  left,  we  shall  have  at  i?0  9,144  pounds  ;  at  Ri  9,108  pounds; 
at  R2  8,640  pounds,  and  at  i?3  9,108  pounds,  aggregating  one  wheel  load. 
That  is,  with  the  assumed  rail  section  and  assumed  floor  (precession  of 
wheels  quite  as  actually  used),  a  variation  is  shown  in  the  load  on  all 
the  troughs  of  only  504  pounds.  If  this  is  a  fact  it  appears  the  rail  is 
called  upon  to  do  a  very  considerable  amount  of  labor  as  a  beam. 

The  two  solid  floors  shown  have  taken  very  different  directions  in 
design,  one  using  ties  of  timber,  in  the  other,  rails  being  secured  directly 
to  the  metal  work.  Also  attachment  of  floor  to  girder  is  one  of  further 
radical  difference ;  one  rests  upon  shelf  angles,  the  other  has  connecting 
angles  with  oblique  gussets. 

Another  point  in  connection  with  the  solid  floor.  Shall  the  floor 
be  water-tight,  as  in  the  two  examples  shown  by  Mr.  Goldmark  ?  My 
attention  has  been  called  to  a  track  elevation  ordinance  in  another  city, 
where  it  is  specifically  stated  that  the  floor  shall  be  open  to  allow  light 
to  pass  through.  The  open  construction  will  more  than  likely  be  most 
in  favor  as  best  serving  all  questions  of  stability  as  well  as  durability 

It  is  my  understanding  that  solid  floors,  as  used  in  Europe  and 
generally  in  this  country  up  to  the  present  time,  have  had  track  with 
ties,  with  or  without  ballast.  The  tendency  to  rust  under  the  ties  and 
ballast  without  chance  for  inspection  has  developed  a  modified  design. 

The  distance  from  base  of  rail  to  clearance,  where  solid  floors  are 
used,  is  material,  the  demand  in  most  cases  is  for  very  narrow  limits. 

Some  months  since  I  had  occasion  to  work  out  a  solid  floor,  using  I- 
beams — the  sketch  shows  the  design — the  flange  of  the  I-beams,  top  and 
bottom,  being  open  for  inspection. 

Considering  the  I-beam  in  connection  with  the  various  require- 
ments for  solid  floors :  It  will  allow  the  floor  to  be  as  shallow  as  any 
section.  It  may  be  an  open  construction  by  simply  leaving  out  the  con- 
crete filling,  or  water-tight  with  the  filling.  It  may  be  set  on  shelf 
angles  or  secured  by  conneting  angles,  or  carried  by  oblique  gussets. 
It  will  take  less  pounds  of  material  than  any  other  form  suggested.  It 
will  require  materially  less  work  in  the  shop,  and  certainly  no  more  in 
the  field  than  the  various  other  methods  proposed. 

Indurated  fibre  between  the  rail  and  the  channel  is  proposed,  first 
to  reduce  the  wear  on  the  rail  fastenings,  second,  to  reduce  noise.  The 
continuous  splice  bars  are  proposed  as  somewhat  of  a  safeguard  against 
a  broken  rail. 

It  may  be  urged  that  I-beams  spaced  anywhere  from  12  to  18 
inches  center  to  center,  the  flange  of  the  beam  reducing  the  space  at  least 
5  inches,  does  not  make  a  very  solid  floor  ;  however,  as  the  openings  are 
necessarily  at  right  angles  to  the  direction  of  traffic,  a  wheel  off  the  track 
will  roll  better  across  openings  of  12  inches  than  of  12  feet. 
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With  I-beams  it  is  entirely  feasible  to  rivet  plates  the  entire  width 
and  length  of  structure  on  the  top  flange  of  beams,  making  a  solid  sur- 
face for  a  derailed  train,  or  the  plate  may  be  riveted  on  the  bottom  flange. 
In  fact,  the  I-beam,  or  the  I-beam  in  combination  with  plates,  furnishes 
material  in  shape  to  form  support  of  track  without  ties,  with  greater 
economy  than  any  other  form  suggested.  It  may  be  a  misfortune  tbat 
there  is  no  patent  connected  with  its  use,  because  if  backed  by  patent  it 
would  be  promoted. 

Mr.  Goldmark's  conclusion  that  the  more  elastic  floor  has  advan- 
tages in  distributing  load  is  true  with  continuous  rail  of  certain  stability 
acting  as  a  continuous  beam  ;  however,  there  must  be  limits  as  to  the 
elastic  floor's  advantage  for  distributing  weight  through  the  rail,  because 
the  rail  is  of  uncertain  rather  than  certain  stability,  and  is  not  con- 
tinuous. 
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THE  DE  KALB  ELECTRICAL  PUMPING  PLANT. 


By  Daniel  W.  Mead,  Member  of  the  Western  Society  of  Engineers. 


[Read  before  the  Society,  May  14,  1895.*] 

De  Kale,  111.,  is  a  city  of  about  5,000  inhabitants  and  lies  on  the 
main  line  of  the  Chicago  and  North  Western  Railway  about  sixty  miles 
west  of  Chicago.  De  Kalb  has  had  a  system  of  water  works  since  1879, 
but  as  it  was  the  result  of  circumstances  rather  than  intelligent  design  " 
it  was  far  from  satisfactory.  In  1872  the  agitation  in  favor  of  water 
works  first  began  and  a  deep  well  4?  inches  in  diameter  was  sunk  to  a 
depth  of  1,000  feet.  No  flowing  water  was  obtained  and  the  well  was 
considered  practically  a  failure,  although  a  pump  and  wind  mill  was 
soon  after  erected. 

In  1878  it  was  decided  to  drill  deeper  in  the  hopes  of  striking 
flowing  water,  and  another  well  4?  inches  in  diameter  was  sunk  to  a 
depth  of  2,469  feet,  but  no  flowing  water  was  encountered. 

The  failure  to  secure  flowing  water  at  De  Kalb  is  due  to  the  fact 
that  De  Kalb  is  one  of  the  highest  points  in  Northern  Illinois.  The 
surface  at  the  location  of  these  wells  is  about  897  feet  above  sea  level, 
while  the  artesian  waters  at  Rockford,  about  thirty  miles  northwest  of 
De  Kalb,  have  never  risen  from  the  Potsdam  sandstone  to  a  higher  level 
than  741  feet  above  the  sea,  or  from  the  St.  Peter  sandstone  to  about  705 
feet  above  sea  level.  The  water  in  the  De  Kalb  wells,  however,  now 
stands  at  about  772  feet  above  sea  level,  or  about  125  feet  below  the 
surface  of  the  ground  at  the  old  pumping  station,  which  is  much  higher 
than  would  be  expected  from  results  obtained  in  other  places. 

In  1878  a  contract  was  made  for  an  engine,  boilers  and  elevated 
tank,  and  the  first  public  supply  for  fire  purposes  dates  from  the  com- 
pletion of  this  contract  in  1879.  The  wrells  as  drilled  were  found  to  be 
too  small,  and  in  1882  a  6-inch  well  wTas  drilled  800  feet  deep  to  the  St. 
Peter  sandstone,  and  a  Deane  direct- acting  steam  deep- well  pump  wTas 
purchased  to  raise  water  from  this  well.  A  standpipe  22  feet  in  dia- 
meter and  80  feet  high  was  also  built  in  1890,  and  into  this  the  deep- 
well  pump  raised  the  water.  The  water  mains  consist  of  about  2,500 
feet  of  6-inch  cast-iron  pipe  and  about  24,000  feet  of  4-inch  cast-iron 
pipe,  with  numerous  hydrants  and  a  very  few  valves. 

On  May  29,  1893,  the  City  Clerk  reported  the  cost  of  the  water 
works  plant  to  be  as  follows : 

*  Manuscript  received  July  17, 1895. — Secretary,  Ass'n  of  Eng.  Socs. 
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First  well $4,050  00 

Second  well 14,450  00 

Engine,  boiler  and  tanks 4,279  50 

Third  well 4,000  00 

Standpipe 8,000  00 

Pumps,  heaters,  etc 2,790  49 

Hydrants  and  mains      19,385  45 

Interest  on  bonds 8,046  88 

Total  cost $65,002  32 

The  cost  of  operating  the  works  for  the  two  years  prior  to  the  con- 
struction of  the  new  plant  was  as  follows : 

From  May,  1892,  From  May,  1893, 

to  May,  1893.  to  May,  1894. 

Engineer  and  assistant $1,140  00  $1,381  40 

Eepairs  and  supplies 323  62  266  00 

Extra  labor 70  65  70  35 

Incidentals 30  55  .... 

Electric  light 108  53  113  12 

Coal $1,350  71  2,019  80 

Total  operating  expenses  .   .    .      $3,023  52  $3,850  67 

Revenue 2,637  97  2,715  17 

Deficiency $385  55  $1,135  50 

The  average  pumping  record  was  as  follows  during  this  time : 

Hours  pumped  per  day 15  22 

Gallons  pumped  per  day 85,260  98,652 

Cost  per  1,000  gallons  pumped    .    .    .         9.8  cents.  10.8  cents. 
Cost  of  coal  about  $2.40  per  ton  of  2,000  pounds. 

From  the  above  it  will  be  seen  that  while  the  revenues  were  not 
materially  increasing,  the  operating  expenses  were  rapidly  increasing, 
and  the  cost  of  pumping  per  1,000  gallons  had  increased  about  10  per 
cent.  The  plant  was  in  operation  an  average  of  twenty-two  hours  per  day 
through  the  years  1893  and  1894,  and  during  the  warm  weather  it  ran 
continuously,  except  when  necessary  to  shut  down  for  repairs.  In  the 
extremely  dry  summer  weather  it  became  necessary  to  shut  off  the  water 
entirely,  with  the  exception  of  an  hour  each  at  morning,  noon  and  night, 
in  order  that  water  might  be  kept  in  the  standpipe  for  fire  purposes. 

These  were  the  circumstances  when  the  writer  was  called  in  to  sug- 
gest some  remedy  whereby  a  sufficient  amount  of  water  could  be  secured 
and  the  works  put  on  a  paying  basis. 


■ 


Fig.  1.— Appboxima' 


,  Map  of  Upper  Mississippi  Valley,  Showing  Location  of  De  Kalb  and  Soubce  of  its  Water  Sdpply. 
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AVAILABLE  SOURCES  OF  WATER  SUPPLY. 

De  Kalb  is  situated  on  a  branch  of  the  Kishwaukee  River,  which 
is  there,  however,  very  small,  and  is  dry  during  the  summer  months. 
No  drainage  areas  are  readily  available  for  collecting  and  impounding 
water,  as  the  land  is  quite  level  for  a  large  distance  in  every  direction 
from  the  city.  In  consequence  the  city  has  to  depend  on  the  under- 
ground waters  for  its  supply. 

In  all  cities  of  Northern  Illinois  there  are  three  sources  which  can 
usually  be  made  available  with  more  or  less  success  as  sources  of  water 
supply.     These  are  : 

1.  The  sands,  gravels  and  clay  drift  which  overlie  the  bed  rock. 

2.  The  St.  Peter  sandstone. 

3.  The  Potsdam  sandstone,  which  contains  the  lowest  water-bear- 
ing strata. 

The  waters  from  the  St.  Peter  and  Potsdam  sandstones  fall  as  rain 
in  Wisconsin  on  the  exposed  outcrop  of  these  strata,  which  is  there  at  a 
higher  elevation  than  most  of  the  surface  of  the  ground  in  Illinois. 
Sinking  into  these  strata,  which  have  a  southerly  dip,  the  waters  flow 
south  and  are  reached  by  the  drill  at  various  points  southerly  from  their 
outcrop,  under  considerable  hydraulic  pressure,  in  many  cases  giving 
rise  to  flowing  artesian  wells.  (See  Hydro-Geology  of  Upper  Missis- 
sippi Valley,  Journal  Associated  Engineering  Societies,  July, 
1894).  The  drift  waters  have  a  similar  origin.  Their  watersheds  are  not, 
however,  so  marked  and  obvious,  but  are  often  more  local  and  limited 
in  extent.  The  map  and  profiles  will  make  the  sources  and  general 
conditions  of  these  waters  easily  understood.     (See  Fig.  1.) 

AtDe  Kalb  a  number  of  private  wells  have  been  sunk  into  the  drift, 
some  of  which  give  flowing  waters.  The  water  obtained,  however,  is 
quite  hard  and  not  as  suitable  for  domestic  and  boiler  use  as  the  water 
from  the  St.  Peter  sandstone,  as  the  following  analyses,  made  by  G.  M. 
Davidson,  Chemist,  will  show  : 

Drift  Water.        St.  Peter  Water. 

Total  solids 47.59  17.49 

Carbonate  of  lime, 16.66  8.37 

Carbonate  of  magnesia, 6.29  6.47 

Sulphate  of  lime, 4.39  .    . 

Sulphate  of  magnesia, 12.25  .    . 

Oxide  of  iron  and  alumina, ...  11.12  .69 

Silica, .    .  .87 

Alkaline  chlorides, 2.33  .11 

Alkaline  sulphates, 4.68  1.13 

The  Potsdam  waters  are  only  obtained  by  drilling  considerably 
deeper  than  for  the  St.  Peter  waters,  and  as  the  previous  experience  of 
the  city  did  not  show  that  any  advantage  was  to  be  gained  by  the  extra 
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expense  involved  in  deep  borings,  the  St.  Peter  water  was  selected  as  the 
source  of  supply  for  the  city. 

The  old  pumping  plant  was  practically  of  no  value.  It  had  been 
erected  on  the  highest  ground  in  the  city  and  all  coal  had  to  be  hauled 
to  it  at  an  extra  expense.  The  machinery  was  worn  out  or  inadequate. 
The  wells  at  that  point  were  also  too  small  to  be  available  for  the  in- 
creased supply.  It  was  therefore  decided  to  sink  a  new  well  near  the 
crossing  of  the  Chicago  &  North  Western  Railway  with  the  Kishwaukee 
River,  where  the  ground  was  about  855  feet  above  sea  level.  The 
well  was  designed  to  be  14  inches  in  inside  diameter  to  the  rock  and  6 
inches  in  diameter  in  the  rock  to  and  into  the  St.  Peter  sandstone.  The 
contract  was  let  to  W.  H.  Gray  &  Bro.,  of  Chicago,  for  14-inch  casing 
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to  the  rock  at  $4.00  per  foot,  and  a  6-inch  hole  in  the  rock  at  $1.95 
per  foot.  The  well  drillers  had  great  difficulty  in  sinking  the  14  inch 
pipe  to  the  rock,  and  were  permitted  by  the  city  to  reduce  it  at  128.4 
feet  below  the  surface,  from  which  point  to  the  rock  161  feet  below  the 
surface  it  is  12  inches  in  diameter.  The  entire  depth  of  the  well  as 
completed  was  890  feet,  and  the  water  rose  to  within  65  feet  of  the 
surface. 

The  strata  encountered  in  drilling  the  well  were  approximately  as 
follows  : 

0  to  125  feet,  clay. 
125  to  145  feet,  sand,  clay  and  quicksand  (water-bearing). 
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145  to  161  feet,  clay  and  sand  (water-bearing). 

161  to  265  feet,  limestone. 

265  to  285  feet,  soft  limestone. 

285  to  520  feet,  limestone. 

520  to  525  feet,  layer  of  sandstone- 

525  to  535  feet,  shale. 

535  to  595  feet,  sandy  shale. 

595  to  890  feet,  St.  Peter  sandstone  (water-bearing). 

It  was  originally  intended  to  erect  a  steam  plant  for  the  new  pump- 
ing works,  but  as  the  De  Kalb  Electrical  Company  made  the  city  of 
De  Kalb  a  favorable  proposition  for  operating  the  works ;  and  the  ex- 
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perience  of  the  city  in  the  management  of  its  own  works  was  not  such  as 
would  warrant  expectations  of  economical  management  in  the  future,  it 
was  finally  decided  by  the  City  Council  to  contract  with  the  De  Kalb 
Electrical  Company  to  do  the  pumping  for  the  city  for  a  period  of  ten 
years,  and  the  plant  was  designed  and  built  on  this  basis. 

At  the  site  of  the  well  was  erected  an  inexpensive  brick  pump- 
house,  divided  into  a  pump-room  with  an  alcove  storage-room  and  a 
small  office. 

Within  30  feet  of  the  pump-house  is  built  a  storage  reservoir  which  is 
also  of  brick,  65  feet  in  inside  diameter,  22  feet  in  extreme  depth  and 
of  a  capacity  of  500,000  gallons.     A  wall  2  feet  in  thickness  and  6  feet 
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in  height  is  built  across  the  center  of  the  reservoir,  dividing  it  into  two 
portions,  so  that  water  can  be  pumped  into  or  out  of  either  or  both  sides, 
and  with  a  valve  located  at  the  further  end  of  the  cross  wall.  A  circu- 
lation can  thus  be  maintained  and  any  sand  pumped  from  the  well  will 
be  deposited  in  the  reservoir  instead  of  in  the  mains.  The  roof  is  a 
conical  truss  roof,  supported  only  at  the  walls.  The  water  is  to  be 
pumped  from  the  deep  well  into  the  reservoir  by  a  deep-well  pump  of  a 
capacity  of  300  gallons  per  minute,  run  by  a  25  horse-power  motor. 
From  the  reservoir  the  water  is  taken  by  either  or  both  of  two  service 
pumps,  each  of  a  capacity  of  500  gallons  per  minute  and  each  operated 
by  a  50  horse-power  motor,  and  forced  through  the  mains  into  the  stand- 
pipe  or,  in  case  of  fire,  by  direct  pressure  into  the  mains.  The  plan  of  the 
foundations  and  piping  (Fig.  3)  will  make  the  general  arrangement  plaii 

At  the  time  of  completing  the  well,  a  test  was  made  as  to  its  capf^  a- 
ity  for  furnishing  water,  and  it  was  found  that  in  pumping  at  the  rat  of 
300  gallons  per  minute  the  surface  of  the  water  would  descend,  from  its 
stationary  position,  65  feet  below  the  surface,  to  a  depth  of  165  feet 
below  the  surface.  Consequently  the  deep-well  pump  cylinder  was 
placed  161  feet  below  the  surface  with  a  6-inch  suction  pipe  25  feet  in 
length  below  it. 

In  selecting  a  deep-well  pump  for  the  service  required  much  trouble 
was  encountered  in  obtaining  what  was  desired.  Very  little  attention 
has  apparently  been  given  by  manufacturers  to  developing  efficient 
pumping  machinery  for  raising  the  largest  possible  amount  of  water  out 
of  deep  bore  holes,  and  few  of  the  manufacturers  were  found  who  would 
guarantee  the  efficiency  of  their  pumps.  Most  of  the  pumps  offered 
were  single  acting.  That  is,  they  performed  practically  all  of  the  work 
on  one-half  of  the  revolution.  And,  to  attain  the  capacity  desired,  this 
involved  a  large  pump  cylinder,  and  a  very  uneven  distribution  of  power. 
It  involved  also  considerable  loss  of  work  in  raising  the  long  and  unbal- 
anced pump-rod  at  each  stroke.  The  ordinary  form  of  deep-well  valve 
consisting  of  a  spherical  brass  ball  seated  in  a  ground  brass  seat  and 
having  a  very  limited  rise,  had  not  been  found  satisfactory  at  the  old 
works  and  abetter  arrangement  of  valves  was  also  desired.  Only  one  of 
the  pumps  offered  gave  any  promise  of  the  desired  results,  and  this  was 
offered  by  the  Downie  Pump  Company.  This  pump  consisted  of  a  double- 
acting  pump- head  and  the  Downie  water  cylinder  and  patent  conical 
valve.  The  valve  possessed  a  number  of  admirable  features,  among 
which  may  be  named  large  water  way  and  simplicity  of  construction, 
and  it  was  adopted  unchanged.     (See  Figs.  4  and  5.) 

The  Downie  power  pump-head  as  originally  submitted,  while 
containing  the  principle  most  satisfactory  to  the  writer,  was  not  sat- 
isfactory in  the  details   of  design  or  construction.      A  modified  form 
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of  the  Downie  pump  was  finally  designed  by  the  writer,  but  has  not  yet 
been  constructed.*  A  temporary  pump  is  now  at  work,  while  the  new 
pump  is  being  built  by  this  company.  This  pump  is  expected  to  give 
an  efficiency  of  about  65  or  70  per  cent.  The  deep-well  pump  is  con- 
nected to  the  motor  by  a  12- inch  belt.  The  motors  were  furnished  by 
the  General  Electric  Company. 

There  are  two  multipolar  motors  of  50  horse-power  each,  at  200 
volts,  to  operate  the  service  pumps,  and  one  multipolar  motor  of  a 
capacity  of  25  horse-power  at  220  volts,  to  operate  the  deep-well  pump. 

The  motor  rating  is  on  the  basis  of  the  mechanical  horse-power  de- 
livered by  the  armature  shaft  at  pulley  or  pinion  of  same.  The  field 
cores  and  frames  of  the  motors  are  of  cast  steel. 

Their  armatures  are  of  the  "iron  clad"  type,  wound  with  machine- 
formed  coils,  and  are  interchangeable  and  separately  insulated.  These 
coils  are  placed  in  slots  in  the  armature  punches  in  such  a  manner  that 
should  a  coil  become  injured  in  any  way,  it  may  be  readily  replaced 
without  disturbing  the  rest  of  the  winding. 

These  motors  are  sparkless  during  changes  varying  from  full  load 
to  no  load,  and  the  design  is  such  that  changes  varying  from  full  load 
to  no  load  can  be  made  without  varying  the  position  of  brushes.  The 
motors  are  so  designed  that  when  running  at  their  normal  load  the  rise 
in  temperature  in  any  part,  above  the  surrounding  air,  will  not  be  more 
than  100°  Fahrenheit. 

It  was  required  that  the  speed  of  the  50  horse- power  motors  should 
not  be  greater  than  495  revolutions  per  minute,  at  200  volts,  and  the 
speed  of  the  25  horse-power  motor  should  not  be  more  than  565  revolu- 
tions per  minute  at  220  volts. 

The  motors  have  a  guaranteed  efficiency  of  not  less  than  90  per 
cent,  at  full  load,  and  not  less  than  82  per  cent,  at  one-half  load  ;  and 
were  to  be  capable  of  carrying  25  per  cent,  over-load  for  a  period  of 
eight  hours  without  injury. 

These  motors  wTere  designed  and  constructed  for  this  particular 
work,  and  the  motor  of  the  east  pump  was  tested  for  efficiency  with  the 
following  results.  This  motor  was  disconnected  from  the  pump.  A  split 
iron  pulley  was  fastened  to  the  shaft  for  use  as  a  brake  pulley,  and  to 
this  a  friction  brake  was  attached.  The  pulley  which  was  furnished  by 
the  city  did  not  fit  the  shaft  well  and  was  therefore  not  perfectly  true  in 
circumference.  For  this  reason  it  was  impossible  to  make  an  absolute 
measurement  of  the  maximum   power  of  the  motor  ;  for  at  the  higher 


*  Since  writing  the  above,  a  pump,  modified  somewhat  from  the  writer's  design, 
has  been  furnished  the  city  of  De  Kalb  by  the  Downie  Pump  Co.  and  is  now  on 
trial.     The  pump  is  shown  in  Fig.  6. 
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powers  the  irregularity  in  the  pulley  rim  caused  the  brake  to  become 
unsteady  and  the  weight  necessary  to  balance  it  could  not  be  determined 
with  sufficient  accuracy.  Enough  measurements  were  made,  however,  to 
give  data  for  determining  the  curve  of  efficiency  of  the  motors,  from 
which  the  efficiencies  at  the  limits  of  the  capacity  of  the  motor  were  cal- 
culated. The  following  table,  which  represents  the  average  of  a  number 
of  measurements,  shows  the  results  obtained  : 


Test  of  Motor  on  East  Pump,  De  Kalb  Pump  House. 

Time  from 10.34  10.46  11.38  2.02 

Time  to 10.44  10.56  11.45  2.18 

Amperes 95.4  106.5  157  16  j 

Volts 218.7  216  199  217f 

Watts 20864  23004  31243  3557 

Electric  H.  P 27.98  30.84  41.88  4.76 

Revolution  of  motor  per  minute  .    .  399  396  402  379 

Weight  on  brake  arm 113  123  154  No  load. 

Weight  of  brake 35  V  35£  35^ 

Corrected  weight 77f  87|  118| 

Length  of  brake  arm 4  ft.  4  ft.  4  ft. 

Brake  H.  P 23.59  26.41  36.28 

Efficiency 84.3  85.63  86.86 

From  these  experiments  the  following  approximate  average  effi- 
ciencies under  various  loads  were  calculated  : 

H.  P.  Furnished     Calculated  Efficiency         Guaranteed         H.  P.  Delivered 

to  Motor.  of  Motor.  Efficiency.                to  Pump. 

25  83.56  20.89 

30  84.81  82                            25.44 

;S5  86.16  30.15 

40  87.41  34.96 

45  88.66  39.90 

50  89.81  45.08 

55  91.06  90                            50.08 

60  92.31  55.39 

From  the  data  obtained  it  will  be  seen  that  it  took  4.76  horse-power 
to  run  the  empty  motor;  of  this  .75  horse-power  was  ascertained  to  be 
consumed  in  the  field  wires.  The  writer  had  the  assistance  of  Mr.  J.  W. 
Glidden,  Superintendent  of  the  De  Kalb  Electrical  Compauy,  in  the  selec- 
tion and  arrangement  of  the  electrical  features  of  the  plant. 

The  service  pumps  (see  Figs.  7  and  8)  were  furnished  by  the  Gould 
Manufacturing  Company,  of  Seneca  Falls,  N.  Y.,  through  their  Chicago 
office.  This  company  also  had  the  contract  for  furnishing  the  motors  and 
fittings.  The  pumps  consist  of  two  vertical  triplex  single-acting  power 
pumps,  having  plungers  10  inches  in  diameter  and  a  stroke  of  12 
inches.  The  approximate  weight  of  each  pump  is  about  18,000  pounds. 
The  connecting  rods  are  joined  to  the  plungers  by  cross  heads,  which  are 
outside  guided.  All  bearings  are  of  phosphor  bronze.  The  pinion  shaft 
is  of  machine  steel,  is  3  inches  in  diameter  and  runs  in  two  bearings 
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12  inches  in  length.  The  crank  shaft  is  forged  steel,  the  main  bear- 
ings being  6  inches  in  diameter  by  15}  inches  in  length.  The  pumps 
are  arranged  throughout  so  that  all  parts  are  readily  accessible  and  all 


Fig.  7. — Pump  and  Motors,  Front  View. 


wearing  parts  can  be  readily  taken  up.  The  motors  are  coupled  directly 
to  the  pinion  shaft  of  the  pumps  and  the  speed  of  the  motors  is  reduced 
by  proportioning  the  pinions  and  gears  in  the  ratio  of  one  to  five  and 
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two-thirds.  The  gears  are  cut  and  the  pinions  are  made  of  raw  hide 
held  by  bronze  shronds.  First-class  workmanship  was  specified,  and  the 
Gould  Company   have    strictly    complied  with    the  specifications   and 


Fig.  8. — Pump  and  Motors,  Rear  View. 


furnished  a  pair  of  pumps  which,  while  solid  and  substantial  in  construc- 
tion and  free  from  vibration,  are  yet  highly  efficient.  Both  of  the  pumps 
were  carefully  tested. 
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The  test  of  the  west  pump  was  as  follows : 

Test  of  West  Triplex  Pump. 

Time  from 9.08  9.58  10.06 

Time  to 9.30  10.02  10.20 

Amperes 27.3  130  156 

Volts 217  195  193.4 

Watts S094  25350  30170 

Electric  H.  P.  furnished 10.85  33.95  40.44 

H.  P.  delivered  by  motor 29.13  36.14 

Water  pressure,  lbs.,  No.  load     .    .    .  66.5  84.5 

Suction  lift,  lbs 4  4 

Total  lift 70.5  88.5 

Area  plungers,  square  inch  ....  78.54  78.54 

Length  of  stroke,  feet 1  1 

Revolutions  per  minute 43.9  41.75  41.71 

Effective H.  P.  delivered  by  pump,  in- 
cluding slip    20.01  26.27 

Combined   efficiency     of   pump   and 

motor 58.6  64.9 

Efficiency  of  pump,  including  slip .    .  68.7  72.6 

Slip  .    .        . 2.1  2.1 

Net  efficiency  of  pump 66.6  70.5 
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f0  pounds  spring ;  90  pounds  pressure. 


60  pounds  spring  ;    47}^  pounds  pressure. 

Fig.  9. — Pump  Cards. 
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The  efficiency  under  the  contract  was  to  be  75  per  cent,  for  the 
pumps  under  full  load  and  68  per  cent,  under  half  load.  The  former 
was  exceeded  in  the  test.  The  latter  was  not  quite  reached  at  66  $ 
pounds  pressure.  But  as  the  pumps  were  new  and  the  packing  about 
the  pistons  was  tighter  than  necessary  it  was  evident  from  the  work  of 
the  pump  that  it  could  easily  reach  the  guaranteed  efficiency.  This  was 
afterward  exceeded  on  a  further  test. 

The  pumping  plant  is  connected  with  the  water  mains  by  a  12 
and  10-inch  force  main,  intersecting  the  old  system  of  mains  at  four 
points.  Plans  were  made  for  an  additional  main  between  the  pump- 
house  and  the  water  mains  by  another  circuit  when  the  growth  of  the 
city  shall  require,  and  for  reinforcing  the  present  system  of  4-inch  mains 
with  10,  8  and  6-inch  pipe  in  such  a  manner  that  a  reasonable  fire 
service  can  be  obtained. 

In  their  contract  with  the  city  of  De  Kalb,  the  De  Kalb  Electrical 
Company  assume  the  care  of  the  pumping  machinery  and  agree  to 
furnish  all  oil  and  waste  and  all  fuel  needed  to  keep  the  engine  house 
warm  in  winter.  They  also  made  the  connection  between  the  motors 
and  their  power-house,  which  was  done  by  two  circuits  leaving  the  pump- 
house  in  different  directions  in  order  to  provide  against  accident  to  the 
service  line.  They  further  agree  to  make  all  repairs  on  the  machinery 
free  of  expense  for  labor,  the  city  to  furnish  the  material  for  the  repairs. 
The  General  Electric  Company  have  guaranteed  that  the  repairs  on  the 
electrical  machinery  shall  not  exceed  2  per  cent,  per  annum  during  the 
first  five  years. 

Regarding  the  service  to  be  furnished  the  De  Kalb  Electrical 
Company  agree  to  maintain  a  minimum  depth  of  15  feet  of  water  in 
the  reservoir  at  all  times  and  a  minimum  height  of  55  feet  of  water  in 
the  standpipe  with  a  daily  average  of  at  least  65  feet.  They  are  to 
receive  as  compensation  for  pumping  the  water  from  the  well  into  the 
standpipe  4  cents  for  each  1,000  gallons  pumped.  The  average  stand- 
pipe  head  pumped  against  is  about  62J  pounds  pressure  per  square 
inch.  The  De  Kalb  Electrical  Company  are  also  to  furnish  water  for 
fires  under  any  pressure  required  by  the  city  not  to  exceed  125  pounds 
per  square  inch  at  the  pumps,  for  which  service  no  extra  compensation 
is  allowed.  When  fire  pressure  is  desired  the  standpipe  will  be  closed 
by  a  Dousman  automatic  pressure  retaining  valve,  which  is  so  arranged 
that  by  increasing  the  velocity  of  water  into  the  standpipe  the  valve 
closes  automatically  and  the  pressure  can  then  be  raised  as  desired. 
When  the  pressure  is  again  reduced  the  check  valve  opens  and  the 
standpipe  is  again  brought  into  service.  This  valve  also  closes  when 
the  water  in  the  standpijDe  reaches  a  certain  elevation,  in  this  way  pre- 
venting overflow. 
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The  desired  fire  pressure  is  determined  by  setting  the  relief  valve 
at  the  pump- house  and  when  the  pressure  exceeds  the  desired  amount 
the  relief  valve  opens  and  the  water  passes  back  into  the  reservoir,  thus 
preventing  accidents  by  overstraining  the  mains.  Accidents  due  to 
starting  the  pumps  with  the  discharge  valves  closed  are  prevented  by 
the  use  of  fusible  plugs  at  the  power  station.  These  plugs  burn  out 
before  damage  can  be  done  to  the  motor,  should  the  current  become  too 
strong. 

The  lack  of  available  information  concerning  many  points  of 
importance  in  the  design  of  the  new  work  and  the  extension  of  the 
system,  and  the  necessity  of  systematic  records,  became  very  obvious 
when  investigating  the  De  Kalb  water  works. 


Fig.  12. — Deep  Well  Gauge. 

The  agreement  with  the  De  Kalb  Electrical  Company  also  rendered 
it  important  that  systematic  and  automatic  records  should  be  kept  in 
order  that  the  manner  of  carrying  out  the  agreement  should  be  known 
beyond  question.  This  was  important  for  the  protection  of  the  company 
as  well  as  for  the  city  itself.  For  these  reasons  a  number  of  recording 
devices  were  introduced  into  the  system  and  made  a  feature  of  the 
Avorks. 
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To  measure  the  amount  of  water  pumped,  counters  were  attached 
to  each  pump.  For  the  deep-well  pump  this  furnishes,  with  the  known 
capacity  of  the  reservoir,  a  check  on  the  slip  of  the  deep-well  pump 
valves.  For  measuring  the  water  pumped  into  the  mains,  besides  the 
pump  counters,  a  12-inch  Venturi  meter  was  purchased  of  the  Builders 
Iron  Foundry  of  Providence,  R.  I.  (see  Fig.  13).  This  meter  is  pro- 
vided with  an  automatic  register  which  records  the  water  pumped  in 
cubic  feet  (see  Fig.  14).  The  counters  on  the  service  pumps  furnish  a 
check  on  this  meter.  It  was  intended  to  secure  a  graphical  record  of 
the  hourly,  daily,  weekly  and  monthly  variation  in  the  consumption  of 
water,  but,  although  the  manufacturers  were  considering  a  recording 
device  of  this  kind,  they  had  not  perfected  the  same,  and  were  unable  to 
furnish  such  a  device. 

To  keep  a  record  of  the  height  of  water  in  the  standpipe  and  the 
pressure  carried  at  all  times,  including  fire  pressures,  a  recording  press- 


Fig.  13. — Ventdri  Meter. 

ure  gauge  (see  Fig.  10)  was  placed  in  the  City  Clerk's  office,  and 
attached  to  the  main  by  a  suitable  connection.  This  pressure  gauge  was 
furnished  by  the  Standard  Thermometer  Company,  and  includes  both  an 
ordinary  dial  gauge  and  a  graphical  recording  apparatus.  To  keep  a 
record  of  the  height  of  water  in  the  reservoir  a  gauge,  called  a  tele- 
hydro-barometer,  was  purchased  from  the  same  company  (see  Fig.  11). 
The  general  principle  of  this  gauge  is  easily  understood  from  the  illus- 
tration. The  elevation  of  the  float  is  shown  on  the  dial  at  the  reservoin 
and  is  also  shown  both  by  dial  and  by  a  graphical  record  on  the  record- 
ing device  which  is  also  located  in  the  office  of  the  City  Clerk. 

Before  drilling  the  last  deep  well  at  De  Kalb,  which  is  now  used  for 
the  new  public  supply,  an  attempt  was  made  to  secure  data  concerning 
the  various  artesian  wells  which  had  been  previously  drilled  in  that  city. 
No  data  on  which  reliance  could  be  placed  could  be  obtained.  It  is 
known  by  those  who  have  paid  attention  to  deep  and  artesian  wells  that 
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there  is  a  change  of  level  in  the  waters  of  these  wells  which  has  often  a 
serious  effect  on  their  utility.  In  some  cases  this  is  caused  by  the  sink- 
ing of  new  wells,  or  the  abandonment  of  old  ones.  In  others  by  the 
gradual  filling  up  of  the  wells  by  sand,  etc.,  or  by  the  opening  of  the 
pores  of  the  rock  by  solution.  It  is  also  believed  that  there  is  a  seasonal 
variation  in  the  flow  of  wells,  and  other  variations  due  to  barometric 
pressure.  No  extended  series  of  observations  have  been  made  on  these 
subjects,  and  had  they  been  made  at  any  one  place  they  would  still  be 
inapplicable,  except  in  a  general  way,  to  the  locality  under  considera- 
tion. 

One  clause  of  the  contract  with  the  DeKalb  Electrical  Company 
provided  that  they  should  not  be  required,  either  at  the  present  works 
or  at  any  new  works  which  should  be  built,  to  lift  water  with  the  deep- 
well  pump  more  than  175  feet  from  below  the  surface.  All  of  these 
considerations,  together  with  the  certainty  of  the  necessity  of  the  ultimate 
enlargement  of  the  plant,  rendered  it  desirable  that  detailed  information 
be  secured  concerning  the  new  artesian  well. 

The  writer  provided,  in  the  specifications  for  deep-well  pumping 
machinery,  that  a  deep-well  gauge,  either  on  a  plan  proposed  on  draw- 
ings furnished,  or  on  some  other  approved  plan,  should  be  provided. 
Mr.  E.  E.  Johnson,  M.E.,  Mem.  Wes.  Soc.  Eng.,  offered  the  best  sug- 
gestions for  such  a  gauge.  Mr.  Johnson's  suggestions  were  that  by 
means  of  a  small  air  compressor  attached  to  the  deep-well  pump,  air 
should  be  slowly  forced  through  a  small  pipe  running  down  the  well  to 
at  least  as  low  a  point  as  the  bottom  of  the  pump  cylinder.  The  pressure 
required  to  displace  the  water  in  this  small  pipe  could  then  be  measured 
by  a  pressure  guage,  and  the  length  of  the  air  pipe  being  known,  the 
depth  of  water  above  the  base  of  the  pipe  would  be  shown  by  the  guage, 
which  could  be  graduated,  if  desired,  so  that  it  would  read  directly  in 
feet  below  the  surface.  The  only  objection  to  this  was  that  no  record 
could  be  kept  when  the  deep-well  pump  was  not  running,  and  it 
was  desirable  to  use  some  other  motor  beside  the  pump  itself  to  operate 
the  air  compressor.  Mr.  L.  B.  Merriam,  Mem.  Wes.  Soc.  Eng.,  who 
superintended  the  construction  of  the  plant  as  herein  described,  and 
whose  efficient  work  was  greatly  appreciated,  suggested  that  a  Bishop  & 
Babcock  hydraulic  air  compressor  be  used  for  this  purpose.  This  sug- 
gestion was  also  adopted.  This  compressor  furnishes  all  the  air  neces- 
sary at  a  small  expense  for  water,  using  about  500  gallons  per  day. 

To  make  a  permanent  .scord  of  the  well  gauge  readings,  a  telemano- 
meter  was  purchased,  the  recording  device  of  which  is  to  be  placed  in 
the  City  Clerk's  office  (see  Fig.  12).  The  recording  pressure  gauge  and 
the  deep-well  gauge  revolve  once  per  day,  and  the  cards  have  to  be 
removed,  dated  and  filed  daily.     The  reservoir  gauge  revolves  once  in 
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seven  days,  as  the  variations  are  slight  and  the  record  for  short  times  not 
as  important. 

From  an  economical  standpoint  the  immediate  saving  in  expense 


Fig.  14. — .Registering  Apparatus  for  Venturi  Meter. 

to  the  city  of  De  Kalb  by  the  construction  of  the  new  plant  is  obvious, 
as  the  difference  between  10.8  cents  per  1,000  gallons,  the  expense  of 
pumping  during  the  year  1893-94,  and  the  present  contract  price  of  4  cts. 
per  1000  gallons  speaks  for  itself. 
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The  economy  of  pumping  in  the  way  herein  described,  where 
large  amounts  of  water  are  to  be  used  and  economical  management 
is  attainable,  is,  however,  more  than  doubtful.  This  can  be  readily 
understood  by  tracing  the  loss  of  power  through  the  system.  Neglect- 
ing the  matter  of  deep- well  pumping,  the  loss  in  domestic  pumping  is  as 
follows  :  There  is  first  a  loss  of  about  10  per  cent,  at  the  dynamo ;  an 
additional  loss  of  10  per  cent,  in  the  transmission  of  power  from  the 
dynamo  to  the  motors;  a  loss  of  16  per  cent,  through  the  motors  and  a 
loss  of  32  per  cent,  in  the  pumps.  This  gives  a  net  efficiency  of  the 
plant  for  domestic  service  from  the  power  developed  in  the  engine  of  only 
46.27  per  cent.  The  efficiency  for  fire  service  is,  however,  about  55.28 
per  cent.,  but  fire  service  of  course  constitutes  a  very  small  amount 
of  the  pumping.  With  a  steam  engine  equal  in  economy  to  that  operated 
by  the  De  Kalb  Electrical  Company,  and  the  same  class  of  pumps,  but 
proportioned  for  the  domestic  work,  the  loss  would  be  not  more  than  25 
per  cent. ;  the  efficiency  of  the  plant  from  the  power  developed  by  the 
engine  in  this  case  being  75  per  cent.  In  this  case  a  pump  for  fire 
purposes  would  need  to  be  held  in  reserve. 

The  advantage  the  Electrical  Company  has  over  a  municipal  power 
plant  is  in  the  greater  economy  of  the  larger  power  plant  and  in  the 
advantage  to  be  derived  from  good  business  management  as  compared 
with  the  ordinary  municipal  management.  The  principal  advantage  is, 
however,  that  they  can  do  the  necessary  pumping  at  such  times  as  their 
other  business  is  at  a  minimum,  and  they  pay  nothing  extra  for  the 
services  of  engineer  and  fireman,  and  the  incidental  cost  of  operating  the 
power  plant.  The  proportional  extra  cost  of  coal  is  probably  not  as 
large  as  the  proportional  increase  in  power  furnished  ;  for  the  numerous 
losses  incidental  to  the  operation  of  a  power  plant  must  occur  in  any 
event  and  are  not  largely  increased  by  the  additional  power  developed. 

The  writer's  estimate  for  pumping  200,000  gallons  per  day  with  a 
steam  pumping  plant,  with  good  management,  was,  including  all  expenses, 
$5.71  per  day,  against  the  contract  price  of  $8.00  per  day  for  the  same 
amount  pumped.  With  a  greater  consumption,  the  difference  would  be 
greater ;  with  a  smaller  consumption  the  difference  would  be  less,  and 
with  a  consumption  o£  150,000  gallons  or  less  the  difference  would  be  in 
favor  of  the  electrical  plant.  The  average  consumption  of  water  for  the 
last  three  months  has  been  but  little  over  100,000  gallons  per  day. 
There  will  doubtless  be  a  rapid  gain  in  consumers,  however,  with  efficient 
service  and  a  constant  supply. 

The  value  of  any  system  and  method  is  relative  only.  A  system 
which  is  economical  under  one  set  of  conditions,  may  be  the  reverse 
where  the  conditions  radically  differ.  It  is  only  by  practical  illustra- 
tions that  the  economy  of  any  particular  system  can  be  fully  developed 
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and  thoroughly  understood.  As  a  practical  illustration  of  the  applica- 
tion of  electricity  to  the  municipal  water-works  service,  it  is  believed 
that  the  De  Kalb  plant  will  not  be  without  interest. 


DISCUSSION. 


After  reading  the  paper,  Mr.  Mead  exhibited  a  number  of  illustra- 
tions by  means  of  stereopticon  views,  with  explanations,  as  follows  : 

The  map  and  sections  (Fig.  1)  illustrates  the  geological  conditions 
in  the  Upper  Mississippi  Valley  and  the  relation  of  the  water-bearing 
strata.  The  St.  Peter  sandstone  is  the  source  of  supply  for  the  city  of  De 
Kalb  as  well  as  for  a  number  of  other  cities,  shown  on  the  map.  There 
are  also  a  large  number  of  deep  and  artesian  wells  in  Chicago  that  are 
drilled  into  both  the  St.  Peter  and  Potsdam  sandstones.  The  more  shal- 
low wells  are  into  the  St.  Peter  sandstone  and  the  deeper  wells  reach  the 
Potsdam  sandstone.  The  sections  at  the  bottom  of  the  map  show  the  rela- 
tive vertical  positions  of  the  St.  Peter  and  Potsdam  sandstone.  Lying 
just  above  the  Potsdam  sandstone  is  about  150  feet  of  the  lower  magne- 
sian  limestone,  which  furnishes  an  impervious  cover  and  to  a  consider- 
able extent  confines  the  water  in  the  pervious  sandstone.  On  top  of  the 
magnesian  limestone  lies  the  St.  Peter  sandstone,  which  is  throughout 
Northern  Illinois  about  two  hundred  feet  thick.  Both  of  these  deposits, 
the  Potsdam  and  St.  Peter,  are  sandstones  which  allow  the  free  passage 
of  water.  The  water  probably  also  very  largely  passes  through  fissures 
in  the  rock  as  well  as  through  the  rock  material  itself. 

The  north  and  south  section  is  on  a  line  passing  near  the  position 
of  De  Kalb.  The  water  from  the  St.  Peter  sandstone  at  De  Kalb  is 
found  to  be  higher  than  the  water  from  the  St.  Peter  at  Rockford,  which 
is  unusual,  as  De  Kalb  is  considerably  further  south,  and  the  hydraulic 
grade  of  these  waters  usually  descends  toward  the  south.  This  fact 
would  show  that  the  water  at  De  Kalb  really  conies  from  a  point  con- 
siderably further  north  than  that  at  Rockford,  and  at  a  consequent 
greater  altitude.  There  is  an  out-crop  of  the  St.  Peter  sandstone  at 
Dixon,  111.,  along  the  Rock  River,  and  also  at  Ottawa,  111.,  along  the 
Fox  River.     Ottawa  is  built  practically  on  the  St.  Peter  sandstone. 

Fig.  2  shows  the  relative  location  of  various  features  of  the  De 
Kalb  water-works  system.  The  Kishwaukee  River  is  just  to  the  west 
of  the  pump-house  and  reservoir.  It  is  dry  most  all  the  season.  The 
main  reason  for  locating  the  plant  at  this  point  was  in  order  to  get  a 
swatch  for  the  delivery  of  coal,  as  it  was  originally  intended  to  erect  a 
steam  plant.  This  location  is  also  one  of  the  lowest  points  in  the  city 
It  was  originally  expected  that  we  should  be  able  to  reach  the  water 
without  the  use  of  a  deep-well  pump,  by  sinking  a  shaft,  but  the  water 
did  not  rise  as  high  as  was  expected,  and  this  idea  had  to  be  abandoned. 
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Ths  reservoir,  which  is  located  just  west  of  the  pump-house,  will 
hold  a  half  million  gallons  of  water. 

The  electric  power  plant  is  shown  at  the  east  end  of  the  map. 
One  line  of  wire  follows  the  railroad  down  to  the  pump-house;  the  other 
follows  the  streets,  so  that  they  have  two  separate  lines  in  case  of  acci- 
dent. The  point  where  the  standpipe  and  the  old  pump-house  are 
located  is  about  the  highest  point  in  town. 

A  12-inch  main  was  laid  to  join  the  old  pipe  system.  A  10-inch 
pipe  connects  the  12-inch  with  the  system  at  several  points.  There  is 
also  a  10-inch  pipe  running  from  the  old  pump-house  to  the  standpipe, 
but  the  pipe  joining  the  two  10-inch  pipes  is  at  present  6  inches.  This 
will  be  changed  as  soon  as  the  finances  of  the  city  will  permit. 

Fig.  3  gives  a  general  view  of  the  interior  arrangement  of  pump- 
house,  and  the  location  of  the  well,  the  deep-well  pump,  the  service 
pumps  and  the  motors.  The  water  is  raised  by  the  deep-well  pump  and 
forced  through  a  6-inch  pipe  into  the  reservoir.  The  valves  are  so 
arranged  that  it  is  possible  to  pump  into  the  mains  with  the  deep-well 
pump  if  it  becomes  necessary,  or  to  pump  directly  into  the  suction  of 
the  service  pumps,  if  for  any  reason  it  becomes  necessary  to  fix  the 
reservoir.  The  servica  pumps,  of  a  capacity  of  500  gallons  per  minute 
each,  are  located  as  shown  in  the  figure.  The  Venturi  meter  is  also 
located  in  the  pump-house  at  the  point  shown.  No  test  was  made  of  the 
Venturi  meter,  but  allowing  for  the  slip  of  the  pumps,  the  meter  and 
the  pump  counters  were  found  to  agree  very  closely.  The  pumps  are 
positive  in  motion,  and  so  that  the  counter  measured  exactly  the  amount 
of  water  pumped,  plus  the  slip  of  the  valves.  The  Venturi  register  is 
located  just  above  the  meter  in  the  pump-room,  and  records  the  amount 
of  water  in  cubic  feet. 

In  Figs.  4  and  5  the  deep  well  cylinder  and  valve  that  are  used  at 
De  Kalb  are  shown.  The  illustration  shows  the  valve  both  closed  and 
open,  and  shows  very  plainly  its  action.  When  open,  the  valve  gives 
almost  a  straight  water  way  and  closes  very  closely,  giving  very  little 
slip.  The  double-acting  pump  cylinder  is  also  shown  in  the  cuts.  The 
rod  of  the  upper  valve  is  hollow,  and  the  rod  of  the  lower  valve  passes 
through  it.  These  rods  are  actuated  by  a  pump-head  in  which  the 
eccentrics  are  placed  opposite  each  other,  or  at  an  angle  of  180  degrees, 
so  that  when  one  rod  is  going  down  the  other  is  raising.  The  rods  are 
arranged  to  balance  each  other  in  weight,  so  that  there  is  less  loss  in  the 
action  of  the  pump  than  in  a  single-acting  pump.     See  Fig.  6. 

Fig.  7  gives  a  front  view  of  one  of  the  service  pumps  and  motors. 
Fig.  8  gives  a  rear  view  of  the  same.  Fig.  8  shows  the  motor  nearest 
the  observer,  and  of  course  the  size  of  the  motor  appears  much  larger 
relatively  than  it  really  is.     The  direct  coupling  between  the  motor  and 
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pump  is  quite  clearly  shown  in  the  illustration.  The  pinions  that  run 
the  main  gear,  as  well  as  the  pinion  on  the  motor  shaft,  are  raw-hide  ; 
the  others  are  cut-gears. 

Fig.  9  shows  two  pump  cards  taken  from  one  of  the  cylinders 
on  one  of  the  service  pumps.  One  is  taken  while  the  pump  was  work- 
ing against  90  pounds  pressure ;  the  other  while  the  pump  was  working 
against  about  47j  pounds  pressure.  The  horizontal  lines  in  the  illustra- 
tions are  the  atmospheric  lines. 

Fig.  1 0  is  a  view  of  the  recording  pressure  gauge,  which  is  attached 
directly  to  the  main  and  is  located  in  the  City  Clerk's  office.  The  card 
is  removed  and  replaced  every  day,  and  in  this  way  a  record  is  kept  of 
the  pressure  at  all  times,  including,  of  course,  during  fires.  The  height 
of  water  in  the  standpipe  is  also  shown  by  this  gauge.  This  gauge 
protects  both  the  city  and  the  electric  company,  for  with  its  evidence  no 
unjust  claim  can  be  sustained  as  to  what  pressure  they  had  or  did  not 
have  at  any  particular  time. 

Fig.  11  illustrates  the  tele-hydro-barometer.  This,  as  well  as  the 
recording  pressure  gauge,  was  made  by  the  Standard  Thermometer 
Company.  The  float  is  placed  in  the  reservoir  and  marks  the  depth  of 
the  water.  This  depth  is  shown  on  the  gauge  above  the  float  and  also 
on  the  recording  device,  which  is  located  in  the  office  of  the  City  Clerk. 
This  record  will  show  whether  the  Electrical  Company  are  complying 
fully  with  their  contract  in  keeping  a  sufficient  amount  of  water  in  the 
reservoir. 

Fig.  12  is  a  diagram  of  the  deep-well  gauge.  On  the  right  is  shown 
a  Bishop  &  Babcock  hydraulic  air  compressor.  The  air  passes  from  this 
into  the  air  reservoir  and  thence  into  the  small  pipe,  which  runs  into  the 
deep  well.  Just  enough  air  is  furnished  to  keep  it  bubbling  slightly 
from  the  bottom  of  the  pipe,  and  the  amount  that  the  water  is  depressed 
is  shown  by  the  pressure  on  the  gauge  at  the  top  of  the  pipe.  From 
this  pressure  the  distance  from  the  floor  to  the  water  surface  can  be  cal- 
culated by  the  formulae.  H  =  L  —  h,  where  L  equals  the  distance 
from  the  center  of  gauge  to  bottom  of  air  pipe,  h  equals  gauge  read- 
ing in  feet,  and  .ET  equals  distance  from  center  of  gauge  to  the  surface  of 
the  water.  The  fluctuations  in  the  surface  elevation  of  the  water  can  in 
this  way  be  ascertained.  To  record  the  fluctuations,  a  tele-manometer 
recording  gauge  is  ussd,  which  will  also  be  placed  in  the  City  Clerk's 
office  with  the  other  gauges.  This  gauge  will  give  a  record  of  the  well 
variations  at  all  times  during  the  day  and  night,  and  it  is  hoped  that  in 
this  way  some  valuable  information  concerning  the  seasonal  and  other 
variations  in  the  water  of  artesian  wells  can  be  ascertained.  This,  it  is 
believed,  will  be  of  ths  greatest  advantage  if  at  any  time  it  is  desired  to 
extend  the  system. 
8 
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Figs.  13  and  14  give  views  of  the  Venturi  meter  and  register. 

The  President. — The  22  per  cent,  difference  in  the  efficiency 
between  motors  and  steam  plants  suggested  is  a  little  startling.  The 
question  would  naturally  arise,  unless  electric  motors  are  somewhat  of  a 
plaything,  why  the  city  of  De  Kalb,  in  trying  to  pump  water,  did  not  use 
the  steam  plant.  It  certainly  would  cost  less.  Ami  right  in  that  con- 
clusion ? 

Mr.  Mead. — The  question  of  ultimate  economy  is  not  one  of 
efficiency  alone,  but  of  attendance  as  well.  The  De  Kalb  Electrical 
Company  need  no  extra  men  on  account  of  the  extra  power  furnished 
the  city  for  pumping,  but  are  doing  the  work  with  the  same  force  with 
which  they  ran  their  plant  before  contracting  with  the  city.  If  a  steam 
plant  were  used  by  the  city  for  pumping,  attendance  would  have  to  be 
provided,  and  this  cost  would  have  to  be  added  to  the  cost  of  operating 
the  plant.  Besides  this,  the  type  and  the  size  of  the  engine  used  would 
make  considerable  difference  in  cost  of  operation,  while  it  would  not 
make  any  difference  in  the  efficiency  of  the  two  types  of  pumping 
plants  mentioned.  I  have  based  my  estimate  of  efficiency  on  the  power 
generated  by  the  engine,  and  the  type  of  engine  used  would  there- 
fore not  modify  my  estimate,  while  it  would  modify  the  cost  of  pumping 
to  a  large  extent.  Different  types  and  sizes  of  engines  use  all  the  way 
from  12  pounds  of  steam  per  horse-power  per  hour  up  to  perhaps  as 
hiwh  as  100  pounds  of  steam  per  horse-power  per  hour,  and  the  use  of 
an  inefficient  engine  and  the  extra  cost  of  attendance  might  make  the 
more  efficient  pumping  plant  much  more  expensive  to  operate. 

The  President. — Well,  to  follow  up  the  thought :  was  there  any- 
thing preventing  the  placing  of  the  power  plant  of  the  Electric  Com- 
pany adjacent  to  the  pumping  plant,  so  that  they  might  transfer  the 
power  of  the  large  engine  direct  to  the  pumps  ? 

Mr.  Mead. — No  and  yes.  The  original  idea  was  to  build  a  steam 
plant.  It  was  expected  at  the  time  when  the  well  was  first  drilled  that 
a  steam  pumping  plant,  to  be  operated  by  the  city  itself,  would  be  used. 
The  well  was  drilled,  therefore,  in  its  present  location  on  account  of  its 
being  the  lowest  point  in  the  city,  and  also  being  adjacent  to  the  rail- 
road. For  this  reason  this  position  of  the  plant  was  fixed.  Afterwards 
the  Electrical  Company  made  a  proposition  to  the  city  to  operate  the 
plant  by  electricity,  which  was  finally  accepted  by  the  City  Council. 
My  estimates  were  that,  on  200,000  gallons  of  water  per  day,  which 
amount  we  expect  the  city  of  De  Kalb  will  use,  the  cost  will  be,  includ- 
ing cos-t  of  attendance,  about  $5.75  per  day.  Under  the  contract  with 
the  Electrical  Company,  the  cost  of  pumping  200,000  gallons  per  day 
will  be  about  $8  per  day.  The  difference  in  the  cost  per  diem  between 
the  two  methods  of  pumping  will  grow  much  larger  as  the  amount  of 
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water  increases.  If,  on  the  other  hand,  as  is  just  now  the  ease,  the  amount 
of  water  pumped  is  100,000  gallons  per  day  or  less,  the  city  could  not 
have  pumped  this  amount  as  cheaply  per  1,000  gallons  with  the  proposed 
steam  plant  as  the  De  Kalb  Electric  Company  will  pump  it  for  them 
with  the  present  electrical  plant. 

The  President. — The  question  in  my  mind  was  about  this  Elec- 
trical Power  Company. 

Mr.  Mead. — To  explain  further,  the  city  was  to  construct  their 
own  pumping  plant  The  De  Kalb  Electrical  Company  desired  to  do 
the  work  of  pumping.  Now,  they  could  have  done  it  cheaper,  I  have 
no  doubt,  if  they  could  have  coupled  their  engine  directly  to  the  pumps. 
This,  however,  would  have  been  impossible  even  if  the  well  had  been 
adjacent  to  the  power  station.  The  De  Kalb  Electrical  Company  are 
furnishing  power  and  light.  They  are  obliged  to  run  their  plant  in  any 
event,  and  although  the  efficiency  of  the  arrangement  is  low,  the  cost  of 
operating  the  pumps  is  very  small,  as  nothing  extra  is  paid  by  them  for 
attendance.  They  are,  in  fact,  utilizing  what  may  almost  be  considered 
waste  power. 

Mr.  Johnson. — Coming  in  late,  1  missed  part  of  Mr.  Mead's 
paper.  I. should  like  to  ask  the  gentleman  if  he  stated  the  combined 
efficiency  of  the  plant  and  the  efficiency  of  both  the  motors  and  pumps? 

Mr.  Mead. — I  gave  the  combined  efficiency  of  the  plant  as  about 
47  per  cent. 

Me.  Johnson. — Do  I  understand  that  that  is  the  efficiency  of  the 
electrical  motor  and  pump  combined? 

Mr.  Mead. — That  is  the  efficiency  of  the  plant  from  the  De  Kalb 
Electrical  Company's  engine  clear  through  the  pump.  It  is  the  power 
actually  utilized  after  deducting  the  loss  in  generating  the  electrical 
current,  the  loss  in  transmitting  it  from  the  dynamo  to  the  motor, 
the  loss  in  conducting  it  through  the  motor  and  changing  it  into  power, 
and  the  loss  in  the  pump  itself.  The  loss  in  the  pump,  as  I  have  ex- 
plained in  the  paper,  is  greater  on  domestic  service  than  it  would  be 
on  the  fire  service.  The  pump  is  designed  for  fire  service.  With  the 
same  pump  designed  for  domestic  service,  that  is,  a  pump  of  the  same 
general  class,  but  designed  for  60  pounds  instead  of  for  125  pounds 
service,  we  should  probably  get  an  efficiency  of  75  per  cent,  in  a  test. 
These  pumps  showed  an  efficiency  in  one  test,  on  a  full  load,  of  78 
per  cent.  The  motor  under  half  load  showed  an  efficiency  of  84  per 
cent.,  then  under  full  load  it  showed  an  efficiency  of  91.  I  was  simply 
stating  the  fact  that  under  domestic  pressure  the  efficiency  of  the 
plant  from  the  engine  through  the  pumps  was  about  47  per  cent. 
While  with  the  engines  at  the  pump-house,  and  with  the  same  pump 
attached  directly  to  it,  an  efficiency  of  from  70  to  75  per  cent,  of  the 
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power  of  the  engine  could  be  obtained.  The  Electric  Company  simply 
have  the  advantage  of  having  a  larger  steam  plant,  which  is  probably 
of  a  better  type  than  the  city  would  purchase,  and  they  have  the  further 
advantage  that  their  plant  is  managed  on  business  principles.  The] 
have  the  disadvantage  of  the  difference  in  efficiency. 

Mr.  Johnson. — May  I  ask  further  if  you  have  data  for  the  effi- 
ciency of  the  engine  and  the  generator,  so  that  you  could  get  the  pre- 
sumed loss  of  the  generator  ? 

Mr.  Mead. — The  loss  in  generating  the  electrical  current  was 
estimated,  and  was  not  from  any  experiments  or  tests  that  I  made  my- 
self. I  think  the  Electrical  Company  have  determined  that  they  can 
obtain  90  per  cent,  efficiency  from  their  generators. 

I  made  no  test  of  the  deep- well  pump,  as  the  deep-well  pump  at 
present  is  a  temporary  one.  I  believe,  however,  Mr.  Merriam  has  made 
some  preliminary  tests  on  the  present  plant  and  I  think  he  can  give  us 
some  data. 

Mr.  Merriam. — I  do  not  believe  I  can  add  very  much  to  what 
Mr.  Mead  has  said,  with  the  exception  that  we  did  make  an  approxi- 
mate test  today  on  the  efficency  of  the  deep-well  pump.  We  found  the 
efficiency  of  the  pump  itself  to  be  about  60  per  cent.  I  think  this  is  very 
high  for  the  work  it  is  doing,  that  is,  it  was  lifting  about  200  gallons  of 
water  a  minute  a  height  of  110  feet.  By  previous  experiments  we 
know  there  was  very  little  slip  in  the  pump.  We  ascertained  the  slip 
by  taking  careful  measurements  of  the  reservoir  and  compared  the  water 
pumped  with  the  number  of  strokes  of  the  pump.  I  have  seen  several 
experiments  with  the  ordinary  steam  head  on  deep-well  pumps,  and  I 
found  that  we  only  obtained  about  45  to  perhaps  an  extreme  of  55  per 
cent,  with  the  very  best  of  designs. 

The  President. — On  the  question  of  the  deep-well  pump  I  have 
had  a  little  experience,  and  I  would  like  to  make  an  inquiry  as  to  what 
success  is  obtained  iu  connection  with  these  rods,  one  running  inside  the 
other.     How  often  they  have  failed,  if  at  all? 

Mr.  Mead. — I  cannot  speak  from  experience  at  De  Kalb,  The 
pump  at  that  place  has  only  been  in  use  for  a  few  months.  At  Mon- 
mouth, 111.,  one  of  the  direct  double-acting  steam-heads  has  been  in  use 
for  something  over  three  years,  and  the  Superintendent  of  Water  Works 
tells  me  that  they  have  had  very  little  trouble.  I  don't  think  that  they 
have  had  a  breakage  once  in  six  months.  At  De  Kalb  there  have  been 
one  or  two  breakages,  which  I  think  are  due  perhaps  to  the  fact  that  the 
well  is  not  perfectly  straight. 

The  President. — Will  you  tell  us  what  size  these  rods  are  ? 

Mr.  Merrtam. — The  outside  rods  are  an  inch  and  a  half  in  inside 
diameter,  I  think,  and  the  inside  rod  is  an  inch  and  an  eighth  in 
diameter. 
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Mr.  Mead. — The  inside  rod  is  a  solid  steel  rod.  The  outside  rod  is 
inch  and  a  half  steel  pipe.  The  breakage  always  occurs  in  the  outside 
rod  where  the  thread  is  cut,  which  is  of  course  the  weakest  point.  In 
the  new  design  for  the  rods  which  I  have  proposed,  the  outside  rods  are 
to  be  made  of  wrought-iron  pipe,  upset  at  the  ends  so  that  the  outside 
rod  will  be  as  strong  at  the  coupling  as  at  any  other  point. 

The  President. — I  would  like  to  know  what  the  city  of  De  Kalb 
spent  in  getting  this  plant  iu  working  order,  and  I  would  like  to  know 
further  the  saving  to  the  city  in  the  amount  of  water  they  are  pumping? 

Me.  Mead. — The  total  cost  of  the  plant  was  about  as  follows: 

Ground  for  pump-house  and  reservoir   .    .        . $   425  00 

Cost  of  well 2,100  00 

Reservoir 6,700  00 

Pump-house 2,550  00 

Pumps  and  motors 7,000  00 

Ventnri  meter 600  00 

Water  mains  laid 6,500  00 

Miscellaneous  costs,  including  engineering  and  supervision 2,000  00 


Total        127,875  00 

The  cost  of  pumping  into  the  standpipe  was  about  11  cents  a 
thousand  gallons  before  the  new  works  were  constructed.  The  cost  of 
pumping  under  the  contract  is  4  cents  a  thousand  gallons.  Concern- 
ing the  new  arrangement,  the  City  Clerk  in  his  annual  report  writes  as 
follows  : 

"  With  this  report  I  have  prepared  the  table  giving  the  daily 
average  of  each  of  the  nine  months  (under  the  old  system)  of  the  num- 
ber of  gallons  of  water  pumped,  also  daily  cost  of  engineer,  coal, 
supplies  and  total  cost  per  day.  Also  daily  revenue  from  water  tax 
collections,  and  the  excess  of  costs  over  and  above  the  water  revenue. 
To  save  time  I  will  give  you  the  daily  estimate  for  the  whole  term  of 
nine  months  : 

No.  gallons  water  pumped 87,500 


Cost  of  engineer 
Cost  of  coal  .  . 
Cost  of  supplies 


Total  cost  per  day 

Dailv  revenue  from  water  tax 


$4  21 

7  26 

1  06 

B12  53 

7  93 

Cost  over  and  ahove  revenue  per  day $4  60 

<,r  $1,679  per  year. 

"  Under  the  new  system  of  water  works  for  the  months  of  February, 
March  and  April,  the  daily  average  of  water  pumped  is  100,481  gallons ; 
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cost  per  day,  $4.02  ;  the  daily  revenue  from  water-tax  is  $7.93,  bring- 
ing in  a  gain  to  the  city  over  and  above  expenses  of  $3.91  per  day,  or 
$1,427.15  per  year. 

"  This  present  revenue,  with  interest,  will  be  sufficient  to  pay  off 
all  of  our  bonded  indebtedness  by  the  year  1909." 

From  this  it  will  be  seen  that  for  the  nine  months  for  which  this 
report  (which  has  just  been  received)  is  made  out,  the  cost  of  pumping 
has  been  over  14  cents  per  thousand  gallons  pumped. 

Mr.  Merriam. — It  seems  that  this  matter  of  small  municipal 
pump  plants  is  one  that  should  be  of  considerable  intenst  to  all  of  us. 
These  plants  have  heretofore  been  put  in  about  in  this  way  :  A  contract 
is  made,  and  a  standpipe  is  put  up ;  and  a  pump,  a  double-acting  duplex,, 
or  some  ordinary  type,  is  put  in.  No  particular  regard  has  been  paid 
to  the  efficiency  of  the  outfit  because  it  is  small,  and  it  is  thought  to  be 
too  small  to  pay  any  attention  to  its  efficiency.  It  is  thought  it  is  all 
right  if  it  is  a  pump  and  pumps  water.  Now,  it  seems  to  me  that  Mr. 
Mead  has  attacked  this  problem  in  the  right  way.  Although  the  plant 
is  a  small  one,  he  has  paid  considerable  attention  to  the  most  economical 
and  efficient  arrangement  possible  under  the  circumstances.  And  I 
think  this  idea  is  worthy  of  being  followed  out  in  the  design  and  con- 
struction of  all  pumping  plants,  even  if  they  are  small. 

I  want  to  make  one  further  remark  about  this  efficiency  of  the 
engineering  work  in  this  particular  case.  The  city  of  De  Kalb  had 
spent,  before  Mr.  Mead  was  called  there,  about  $65,000  in  a  water- 
works plant.  The  mains  were  very  largely  of  4-inch  pipe.  They  had, 
however,  a  very  good  standpipe,  and  they  had  a  pump  and  three 
deep  wells.  The  city  paid  out  $3,700  per  annum  for  the  last  year's 
pumping,  and  they  received  about  $2,700.  Now  it  appears,  from  the 
present  prospect,  that  it  will  cost  the  city  about  $1,400  or  $1,500  to  do 
their  pumping.  Their  income  will  be  the  same,  $2,700.  The  entire 
expenditure  for  the  new  works  is  about  $30,000.  The  interest  on  this 
entire  expenditure  will  be  saved,  and  in  addition  to  that  there  will  be  a 
small  profit  inside  of  the  receipts,  as  against  $2,000  loss  on  the  previously 
existing  pumping  plant. 

Now,  I  think,  as  I  said  before,  that  this  plant  has  been  attacked 
from  the  right  point  of  view.  There  has  been  an  attempt  to  obtain  the 
very  best  results,  and,  I  think,  there  are  a  good  many  of  these  small 
towns — five,  six,  or  seven  thousand  inhabitants — that  are  worthy  of  our 
best  thought  in  that  manner.  I  think  the  more  we  discuss  these  small 
plants  the  better  we  will  be  off,  because  I  think  we  will  learn  actually 
more  from  the  discussion  of  small  plants  than  of  the  large  plants  that 
only  a  few  of  us  at  best  will  ever  get  a  chance  to  design,  because  there 
are  too  few  of  them  that  are  being  built. 
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I  wish  to  say  further  concerning  the  De  Kalb  plant  that  if  the 
well  were  moved  to  the  power-plant,  and  it  was  still  run  by  the  Electric 
Company,  it  would  have  to  be  run  through  shafting,  that  is,  it  could 
not  be  attached  direct  to  the  engine.  If  it  were  attached  to  the  shaft 
they  could  hardly  get  along  with  a  less  loss  than  at  present,  for  they 
would  have  three  pumps  attached  to  the  shaft,  which  would  be  a  long, 
heavy  shaft,  or  they  would  have  a  shaft  and  two  or  three  counter  shafts. 
Now,  I  do  not  think  that  there  would  be  any  gain  in  this  method  ;  I 
think  there  would  be  at  least  10  per  cent,  lo^s  in  that  shaft,  so  that  the 
only  remaining  loss  we  have  is  the  transmission  of  the  power.  If  the 
pumps  were  attached  to  independent  engines,  each  of  which  was  intended 
for  pumping  alone,  there  would  be  two  50  horse-power  engines  and 
one  25  horse-power  engine,  and  it  would  be  pretty  hard  to  obtain 
anything  near  the  efficiency  that  the  De  Kalb  Electric  Company  obtains 
with  the  compound  engine  of  125  horse-power.  I  am  very  much 
iu  doubt  with  regard  to  the  possibility  of  running  the  plant  with  any 
greater  efficiency,  even  assuming  the  200,000  gallons  per  day,  especially 
by  a  city.  You  know  the  appointees  of  a  city  are  generally  put 
there  more  or  less  by  politics  or  favoritism,  and  such  help  is,  as  a  rule, 
incompetent. 

When  the  old  DeKalb  pumping  plant  was  in  use  they  had  a  steam- 
head  on  their  deep-well  pump.  I  put  two  gauges  on  the  pump-head 
and  I  found  out  that,  on  the  up-stroke,  they  actually  had  a  ten  pound 
cushion  against  their  work  ;  well,  it  wouldn't  take  very  many  ten-pound 
cushions  to  do  away  with  the  entire  efficiency. 

The  President. — I  would  like  to  ask  in  connection  with  the 
steam-head  on  deep-well  pump  working  against  a  ceitain  per  cent,  of 
back  pressure,  if  it  was  making  half  the  stroke  it  was  presumed  to. 

Mr.  Merriam. — It  was  making  about  a  three-quarter  stroke. 

The  President. — Well,  it  was  doing  very  well. 

Mr.  Mead. — One  point  concerning  the  efficiency  of  this  plant  it 
would  be  well  to  bear  in  mind.  The  De  Kalb  Electric  Company  are 
using  the  water  tube  boilers,  a  good  grade  of  engine,  and  it  is  probable 
that  the  economy  of  their  steam  plant  is  very  fair,  and  that  the  steam 
plant  is  run  under  very  fair  conditions. 

Now  if,  for  instance,  their  engines  are  run  with  20  pounds  of  steam 
per  horse-power  per  hour,  and  if  the  city  should  have  a  steam  plant,  and 
should  generate  steam  as  economically  as  the  De  Kalb  Electric  Com- 
pany, but  should  use  a  lower  grade  engine  which  would  take  40  pounds 
of  steam  per  horse-power  per  hour ;  under  these  conditions  you  will  see 
that  20  pounds  of  steam  in  the  Electrical  Company's  engine  would  prac- 
tically do  the  same  work,  w7ith  even  a  loss  of  50  per  cent,  in  efficiency, 
at  the  same  expense  for  coal  as  in  the  case  of  the  city  plant  of  lower 
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grade;  all  of  which  is  due  to  a  difference  in  the  class  of  the  machinery 
used. 

I  believed  in  the  first  place,  and  still  believe,  that  a  steam  plant 
would  give  better  results  for  the  city  of  De  Kalb  than  can  be  obtained 
by  the  plant  as  built,  provided  they  could  and  would  obtain  a  reasona- 
bly good  steam  engineer  to  manage  the  plant.  Their  experience  in  the 
past  would  not  perhaps  warrant  one  in  drawing  such  conclusions,  but  it 
is  a  fact  that,  with  reasonably  good  management  and  reasonable  economy 
in  the  machinery,  better  results  than  are  now  being  obtained  might  be 
expected.  I  made  a  careful  estimate  and  calculated  the  cost  of  the  200,000 
gallons  of  water  a  clay  at  about  $5.71,  as  against  the  $8  actual  cost  at 
present.  This  estimate  was  based  on  facts  as  we  find  them  in  other 
places,  and  I  think  this  could  be  easily  reached  by  reasonably  good 
economy  in  the  plant  proposed.  HowTever,  this  plan  was  not  adopted, 
but  the  city  decided  to  try  the  electrical  plant,  which  certainly  largely 
reduced  the  previous  cost  of  pumping,  and  is  also  at  present  more  eco- 
nomical than  the  steam  plant  would  be.  For  the  city  is  not  at  present 
using  more  than  100,000  gallons  per  day.  In  the  long  run,  however, 
and  long  before  the  contract  with  the  Electrical  Company  expires,  I 
believe  a  plant  operated  by  the  city  would  prove  far  more  advantageous 
to  the  city  of  De  Kalb. 

Concerning  the  pumping  plants  of  the  smaller  cities  and  towns  I 
wish  to  say  one  word  further.  In  the  larger  plants  great  attention  is 
paid  to  having  engiues  which  will  give  a  high  efficiency.  It  has  appeared 
to  me  that  in  the  small  plants  the  question  of  efficiency  is  also  a  very 
important  point.  The  original  cost  and  the  running  expense  of  these 
small  plants  are  usually  higher  per  capita  than  in  the  larger  cities. 
The  same  attention  to  economy  therefore  should  be  paid  to  the  smaller 
plants  as  to  the  larger  ones,  at  least  as  far  as  possible.  This  is  not  ordi- 
narily done  in  selecting  small  pumping  machinery.  Neither  do  the 
manufacturers  seem  to  give  it  any  attention.  The  idea  seems  to  be  con- 
sidered by  the  manufacturers  not  of  importance  enough  to  give  it  a 
moment's  thought.  The  reason  for  this  is  of  course  obvious.  There  is 
not  enough  money  in  the  small  machinery  to  pay  for  the  extra  work,  or 
for  the  designing  of  the  higher  grade  machinery.  Neither  is  the  design- 
ing engineer  paid  enough  ordinarily  to  warrant  him  in  giving  great 
attention  to  secutiug  high-grade  machinery,  and  as  there  has  been  no 
demand  for  this  class  of  machiuery  there  is  therefore  no  supply,  and  will 
not  be  until  the  engineers  and  the  public  require  it.  But  is  it  not  equally 
as  essential  in  a  small  way  ?  Is  it  not  proportionately  as  essential  to 
have  economically  designed  machines  in  the  small  works  as  in  the 
larger  plants  ? 

Mr.  Cooley. — It  occurs  to  me  that,  as  an  offset  to  a  separate  en- 
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gine,  you  could  put  on  a  separate  condenser  that  will  heat  the  water  in 
the  well  about  4  or  5  degrees. 

A  Member. — That  same  idea  of  temperature  in  the  water  had 
occurred  to  me  when  Mr.  Mead  was  speaking  of  the  deep- well  gauge.  I 
think  the  difference  in  the  temperature  of  the  water  would  make  a  differ- 
ence in  the  reading  of  the  gauge.  I  did  not  hear  anybody  speak  about 
measuring  the  temperature  of  the  water. 

Mr.  Mead. — The  water  in  artesian  wells  is  about  uniform  through- 
out the  year.  It  may  vary  a  few  degrees  perhaps,  but  as  it  is  coming 
from  800  feet  below  the  surface  it  preserves  quite  a  uniform  tempera- 
ture. It  is  comparatively  warm  in  winter  and  cold  in  summer.  Most 
of  the  wells  through  Northern  Illinois  run  perhaps  from  about  54  de- 
grees to,  in  some  extreme  cases,  as  high  as  60 ;  about  54  to  55,  I  think, 
is  the  average  of  the  most  of  the  artesian  wells.  Variations  in  tempera- 
ture of  an  individual  well  would  be  very  small,  and  would  therefore 
make  little  difference  with  the  deep-well  gauge. 

A  Member. — In  connection  with  the  temperature  of  the  artesian 
well  water,  I  would  mention  one  point,  and  the  experience  may  be  some- 
what useful  to  you,  gentlemen.  At  Waukegan,  there  is  an  intake  pipe 
running  out  into  Lake  Michigan.  They  had  trouble  with  anchor  ice, 
and  to  get  rid  of  the  anchor  ice  they  turned  the  water  from  an  artesian 
well  into  their  intake  pipe  and  flushed  the  anchor  ice  out.  That  part  of 
it  was  a  success.  But  the  difference  in  temperature  of  the  water  caused 
an  expansion  of  the  pipes,  so  that  they  separated  at  the  joints  and  they 
had  to  connect  them  up. 

Mr.  Ward. — Speaking  of  the  pressure  in  artesian  wells,  I  will  say 
that  in  Marseilles  we  have  something  like  200  wells  drawing  all  from 
the  St.  Peter's  sandstone,  and  the  water  rises  to  the  surface  and  flows  at 
the  surface.  We  have  noticed  there  that  the  height  decreases  at  the 
rate  of  from  4  to  5  inches  a  year.  There  is  a  regular  decrease  ap- 
parently in  the  height.  There  is  one  well  there  that,  when  I  first 
drilled  it,  about  1884  or  1885,  flowed  about  3  or  4  feet  above  the 
surface.  This  is  on  rather  high  ground,  and  when  the  head  was 
lowest,  so  that  it  began  to  flow  merely  to  the  surface,  I  noticed  that 
there  were  times  in  which  it  would  not  flow  at  all,  while  at  other  times 
it  would  flow  quite  remarkably  ;  sometimes  it  would  cease  entirely.  The 
St.  Peter's  sandstone  in  that  region  comes  to  the  surface  at  Ottawa.  They 
use  it  to  manufacture  glass  there.  It  outcrops  along  the  Vermillion 
River  and  up  the  Fox  River,  and  the  dip  is  about  11  i  feet  per  mile 
to  north  and  east,  so  that  we  have  to  go  down  at  some  places  108 
or  109  feet  to  reach  it.  The  water  evidently  comes  from  Wisconsin, 
near  Janesville.  I  think  that  at  Marseilles,  and  along  near  Ottawa 
and  just  below  Ottawa,  and    along    the    Fox    River,  there    are  large 
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springs  of  this  same  water  that  rush  out  from  the  rock.  Some  of 
these  springs,  like  the  one  up  near  Dayton,  just  north  of  Ottawa,  are 
very  large.  This  one  is  probably  over  six  feet  wide  and  perhaps 
four  to  five  inches  deep,  a  constant  stream  running  into  the  Fox 
River.     There  is  another  one  something  like  that  just  below. 

Mr.  Roney. — I  am  informed  that  Mr.  Mead  has  made  a  thorough 
and  exhaustive  test  of  a  very  interesting  gasoline  engine  pumping 
plant,  which  he  built  at  Dundee,  111.  I  hope  that  Mr.  Mead  will 
favor  us  with  a  paper  describing  that  plant  and  his  very  extended 
tests  of  it. 

The  President. — That  is  a  suggestion  that  I  endorse  with  all  my 
heart.  I  think  it  might  be  well  that  these  gentlemen,  who  have  been 
raising  critical  questions  concerning  the  question  of  efficiency  of  the  De 
Kalb  water  works,  express  themselves  emphatically  that  they  do  not 
see  any  bad  business  policy  in  getting  water  pumped  for  4  cents  a  thou- 
sand gallons  that  has  previously  cost  the  city  of  De  Kalb  11  cents. 
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STOPPING  A   TROUBLESOME   SLIDE   AT  A    SUMMIT 

TUNNEL. 


By  John  D.  Isaacs,  Member  of  the  Technical  Society  of  the  Pacific 

Coast. 


[Read  before  the  Society,  April  5,  1895.*] 


INTRODUCTORY. 

Probably  no  section  of  California  within  easy  reach  of  San  Fran- 
cisco presents  greater  attractions  than  that  portion  of  the  Santa  Cruz 
Mountains  lying  contiguous  to  the  Santa  Cruz  Division  of  the  Southern 
Pacific  Railroad  (commonly  called  the  Narrow  Gauge). 

Leaving  the  picturesque  town  of  Los  Gatos,  the  southbound  train 
ascends  the  wild  and  beautiful  canon  of  Los  Gatos  Creek,  crosses  a 
double  summit  and  by  easy  grades  descends  into  the  fertile  Santa  Cruz 
region.  In  the  short  time  of  two  hours  the  traveler  passes  from  the 
wheat-fields  of  Santa  Clara  Valley,  through  the  orchards  and  vineyards 
of  the  foothills,  into  forests  of  gigantic  redwoods  and  wild  mountain 
scenery,  thence  to  park-like  glades  and  lawns  stretching  to  the  yellow 
sands  and  blue  waters  of  Monterey  Bay. 

There  are  on  this  line  two  summit  tunnels,  the  first  or  most  north- 
erly of  which  is  just  at  Wright's  Station,  and  is  known  as  Wright's 
Tunnel.  It  is  1.16  miles  long,  and  for  some  two  hundred  feet  from  the 
northern  end  is  driven  through  a  clay  stratum  resting  upon  an  inclined 

*  Manuscript  received  September  2,  1895. — Secretary,  Ass'n  of  Eng.  Socs. 
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rock  bed  which  pitches  northward  towards  Los  Gatos  Creek.  The 
maintenance  of  this  tunnel  has  always  given  trouble  during  the  heavy 
winter  storms  for  which  this  immediate  section  of  country  is  remark- 
able, but  no  serious  impediment  to  traffic  occurred  until  the  winter  of 
1892-3. 

At  this  place,  a  tributary  to  Los  Gatos  Creek,  which  flows  nearly 
due  east,  is  joined  by  a  side  creek  flowing  north.  Both  creeks  are 
nearly  dry  in  summer,  but  become  torrents  in  stormy  weather.  The 
railroad  track  crossed  the  side  creek  just  at  the  mouth  of  the  tunnel 
and  a  few  feet  away  from  its  junction  with  the  north  creek. 

In  the  heavy  storms  of  1892-3,  the  two  creeks  cut  through  the  clay 
bed  to  the  rock  below,  and  the  whole  hillside  for  some  three  hundred 
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Fig.  1. 


feet  back  slid  forward  towards  Wright's  Station,  filling  the  narrow 
throat  between  the  points  of  rock  "A"  and  "  B"  on  the  accompanying 
map.  The  entire  mass  seemed  to  be  afloat  on  a  film  of  water  between 
the  clay  and  bedrock.  The  first  two  hundred  feet  of  tunnel  was 
crushed  in  and  taken  with  the  slide,  and  traffic  on  the  road  was 
stopped. 

Attempts  were  made  to  reconstruct  the  end  of  the  tunnel  and 
portal  with  heavy  timber  and  iron,  but  these  proved  failures.  Not 
until  the  storms  ceased,  and  a  through  cut  was  made,  could  traffic  be 
resumed.  As  soon  as  dry  weather  set  in,  all  was  well ;  but  it  was  evi- 
dent that  before  the  next  winter  one  of  the  following  courses  of  action 
must  be  taken  : 
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(1)  Do  nothing,  and  abandon  the  road  until  spring. 

(2)  Hydraulic  the  slide  out.  As  the  condition  of  the  bed  beyond 
the  slide  was  unknown,  and  as  an  inspection  showed  the  ground  to  be 
seriously  cracked  for  a  considerable  distance  beyond  the  slide,  it  might 
prove  to  be  a  very  serious  undertaking,  besides  interferiug  greatly  with 
the  water  supply  of  the  town  below,  derived  from  the  Los  Gatos 
Creek. 

(3)  Re  establish  and  maintain  the  toe  of  the  slide  by  raising  the 
beds  of  the  two  creeks  and  by  constructing  a  concrete  masonry  retain- 
ing-wall  or  dam  from  the  rock  points  "  A  "  and  "  B,"  pierced  by  a 
tunnel. 

This  last  proposition,  which  originated  in  a  discussion  between  Mr. 
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Fig.  2. 


W.  S.  Palmer,  Resident  Engineer  of  the  Santa  Cruz  Division,  and  our 
Vice-President,  Mr.  W.  G.  Curtis,  was  carried  out,  with  highly  grati- 
fying results.  A  concrete  retaining-wall  was  built,  as  shown  on  the 
accompanying  drawings,  pierced  by  a  tunnel.  The  beds  of  the  creeks 
were  filled,  re-establishing  the  toe  of  the  slide,  and  the  side  creek  from 
the  south  carried  behind  the  wall  over  the  top  of  the  tunnel  and  made 
to  join  Los  Gatos  Creek  just  at  a  spillway  in  the  westerly  side  of  the 
retaining-wall,  through  which  the  combined  streams  now  discharge. 

The  retaining-wall  is  about  twenty-eight  feet  high  from  base  of  rail, 
fourteen  feet  thick  at  bottom  and  two  feet  thick  at  top.  It  is  of  the  out- 
line and  form  shown  on  plans  herewith.  The  tunnel  is  oval  in  shape, 
and  of  varying  thickness,  as  shown. 
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As  it  was  desirable  to  avoid  hydrostatic  pressure  on  the  retaining- 
wall,  it  was  backed  by  dry  rubble  masonry,  which  was  covered  with 
clay  puddle,  well  rammed,  and  separate  drains  were  run  from  the  rubble 
and  from  the  slide  behind  it  through  the  retaining-wall.  The  same 
arrangement  was  followed  with  the  masonry  tunnel. 

As  the  tunnel  cut  through  the  slide,  it  had  to  be  arranged  to  trans- 
mit the  thrust  of  the  slide  from  south  to  north.  The  sides  of  the  barrel 
were,  therefore,  carried  down  to  bedrock,  and  a  key-piece  put  in  under 
the  track,  as  shown.  The  earth  was  well  tamped  and  rammed  on  both 
sides  of  the  barrel,  and  the  top  of  the  tunnel  was  loaded  with  earth  from 


Fig.  4. 

fifteen  feet  deep  forty-two  feet  back  from  the  retaining-wall,  to  twenty- 
five  feet  deep  at  its  further  end.  In  effect,  the  barrel  was  made  part  of 
the  slide,  and  the  slide  provided  with  a  toe. 

Masonry. — The  entire  work  is  a  concrete  monolith.     All  the  con- 
crete is  mixed  in  the  following  proportion,  by  volume : 

One  part  Portland  cement, 

Two  parts  sand, 

Three  parts  gravel, 

Four  parts  broken  rock  passing  through  a  two-inch  ring. 

But  all  that  portion  below  the  base  of  rail,  except  the  key-piece  under 
the  track,  has  placed  in  it  large  pieces  of  rock  varying  from  one-quarter 
to  one  cubic  yard,  as  follows :  a  layer  of  concrete  six  inches  thick,  hav- 
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iug  been  first  laid,  and  while  yet  soft,  large  rocks  were  placed  upon  it, 
with  their  best  bed  down,  the  rocks  usually  stauding  on  oue  of  their 
ends,  leaving  a  clear  space  of  about  eighteen  inches  between  them,  into 
which  the  concrete  was  afterwards  rammed  until  the  spaces  were  filled. 
Whenever  there  was  room  enough,  smaller  stones  were  thrown  in  and 
rammed  with  the  filling,  but  care  was  always  taken  to  surround  all 
rock  with  concrete.  It  was  thought  by  placing  the  large  stones  smaller 
side  down  they  would  bed  themselves  better  in  the  soft  concrete. 

One  tier  or  course  having  been  thus  built,  the  same  method  was 
pursued  until  the  height  of  base  of  rail  was  obtained  ;  above  that,  the 
same  concrete  mixture  was  used  minus  the  large  stones. 


Fig.  5  * 


The  rock  was  a  strong,  heavy  blue  trap,  obtained  from  the  side  of 
the  road  about  three-quarters  of  a  mile  below  the  tunnel. 

Sand  and  gravel  were  found  mixed  in  nearly  the  proper  proportion 
in  a  gravel  bed  just  south  of  Campbell's,  about  ten  miles  north  of  the 
tunnel.  Into  this  a  series  of  spur-tracks  were  run,  and  the  mixed  sand 
and  gravel  loaded  directly  from  the  bank  to  the  cars.  A  portion  of 
this  sand  and  gravel  was  screened  and  kept  on  hand  separately,  and 
additions  of  sand  or  gravel  made  as  necessary. 

Mixing. — Advantage  was  taken  of  an  existing  sidetrack  put  in 
when  the  cut  was  first  opened,  some  thirty  feet  south  of  the  main  line 
and  four    feet  above  same,    and  the  space    between   the   two   tracks 


*  The  wall  is  of  concrete,  as  stated  in  the  text,  not  of  masonry,  as  shown  in  the 
cut. — Secretary,  Ass'n  of  Eng.  Socs. 
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filled  in  with  a  mixing  platform  having  its  planking  lengthwise.  The 
top  of  this  platform  was  level  with  the  top  of  the  cars  on  the  siding  and 
the  planks  over  the  proposed  foundation  left  loose.  Beyond  the  siding 
and  further  south  the  ground  was  benched  at  intervals  level  with  the 
top  of  cars,  and  on  these  benches  the  cement  was  stored,  making  in 
effect,  with  the  tops  of  the  empty  flats,  a  platform  about  forty  feet  wide. 
A  train  of  cars  loaded  with  rock  was  run  on  the  siding,  unloaded  on  the 
platform,  distributed  and  wet  down.  This  was  pulled  out  and  another, 
followed  with  the  proper  amount  of  mixed  sand  and  gravel.  As 
soon  as  the  last  was  unloaded,  spread  over  the  rocks  and  wetted,  the 
barrels  of  cement  were  rolled  across  the  flats,  broken  and  distributed. 
Mixing  with  shovels  then  began,  each  turn  bringing  the  mixture  nearer 
the  point  of  use,  at  which  point  the  platform  planks  were  removed  so 
that  the  concrete  dropped  through  to  the  rammers.  For  the  north  side, 
small  removable  troughs  were  used  until  such  a  height  was  attained  that 
barrows  were  necessary.  This  arrangement  enabled  us  to  build  the 
greater  part  of  the  mass  with  little  use  of  barrows,  but  from  a  height  of 
four  feet  from  base  of  rail  up,  all  the.  concrete  was  put  in  with  wheel- 
barrows. The  mixing  board  was  near  the  track  below  the  wall.  The 
men  made  a  circuit  with  the  barrows.  When  each  man  returned  to  the 
mixing  board  with  an  empty  barrow,  another  filled  was  ready  for  him, 
so  that  there  was  no  waiting  for  loads.  Tamping  was  done  with  point 
rammers  weighing  ten  pounds  each.  Segments  and  lagging  were  made 
of  two-inch  plank,  falsework  of  12x12  inch  timber.  The  tunnel  is 
made  sufficiently  large  to  enable  us  to  broad-gauge  the  road  at  any  future 
time.  The  work  occupied  about  six  weeks,  about  one  month  being 
required  for  putting  in  concrete.  The  entire  work  contained  about  four 
thousand  cubic  yards  of  concrete.  Exclusive  of  moulds,  the  concrete 
cost  $6.00  per  yard  in  place ;  to  which  the  moulds  would  add  20 
per  cent,  per  yard.  The  falsework  was  allowed  to  remain  during  the 
winter  of  1893-4,  but  was  removed  during  last  summer.  Up  to  this  date 
the  structure  shows  no  cracks  or  other  sign  of  failure,  and  is  apparently 
good  for  all  time. 


DISCUSSION. 


The  President. — This  is  a  very  interesting  account  of  the  trouble- 
some work  on  the  Santa  Cruz  Road.  It  ought  to  be  interesting  to  the 
civil  engineers  present,  and  I  hope  the  paper  will  be  discussed. 

Mr.  Manson.— Mr.  President,  I  heard  Mr.  Isaacs  give  a  general 
description  of  this  work  when  it  was  in  progress.  It  was  of  great  inter- 
est at  that  time,  and  now  it  is  of  more  interest,  the  work  having  been 
successfully  completed,  and  so  well  described. 
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I  would  ask  Mr.  Isaacs  why  he  did  not  use  the  large  rock  above 
the  level  of  the  track  in  the  wall  ?  Was  it  because  of  the  dimin- 
ished thickness  of  the  wall,  or  because  it  was  more  desirable  to  have  the 
wall  above  the  track  constructed  homogeneously  ? 

Mr.  Isaacs. — It  was  for  both  reasons. 

Mr.  Dickie. — What  was  the  effect  on  the  cost  ?  I  presume  that 
was  the  main  factor  in  using  them  ? 

Mr.  Isaacs. — I  put  the  rock  in  for  about  sixty  cents  a  yard  and  the 
concrete  would  cost  eight  dollars  a  yard.  I  do  not  see  the  sense  of 
breaking  up  rock  and  cementing  it  together  again,  where  you  can  use 
large  masses.  I  could  not  see  any  reason  why  below  the  line  of  thrust 
we  could  not  use  almost  anything  sufficient  to  sustain  the  weight. 

Mr.  Manson. — I  asked  the  question  because  I  have  always  been  a 
strong  advocate  of  using  heavy  masses  of  rock  in  heavy  masonry,  where 
the  rock  is  sound.  In  some  instances,  where  I  could  get  large  rock,  I 
have  used  it  freely.  In  certain  cases  its  use  materially  reduces  the  cost, 
and  with  good  results. 

Mr.  Randell  Hunt. — Has  there  been  any  movement  of  the  side- 
hill  or  the  top  ? 

Mr.  Isaacs. — Not  that  I  have  observed.  I  have  examined  it  sev- 
eral times.  Some  of  the  cracks  above  the  actual  slide  seem  to  have 
settled  together,  but  I  think  more  from  weathering  than  anything  else. 

Mr.  Hunt. — About  how  far  back  did  you  notice  the  movement  in 
the  hill  ? 

Mr.  Isaacs. — The  actual  slide  was,  at  the  farthest  point,  about  four 
hundred  feet  back.  We  could  trace  cracks  for  half  a  mile  up  the  side 
of  the  mountain. 

Mr.  Hunt. — Was  it  a  rocky  side  hill  ? 

Mr.  Isaacs. — It  was  of  decomposed  rock,  mixed  with  clay :  a  bluish- 
black  clay  ;  and  under  that  was  a  stratum  of  hard  country  rock,  pitching 
nearly  in  the  direction  that  the  slide  took. 

Mr.  Hunt. — Did  you  take  any  means  to  drain  the  side  hill  after- 
wards— up  on  the  hill  ? 

Mr.  Isaacs. — No,  except  through  the  dam. 

Mr.  Grunsky. — I  would  like  to  know  what  water  was  developed 
or  what  water  was  moving  between  the  clay  and  the  rock.  We  have 
recently  had  occasion  to  consider  that  question  in  the  building  of  an 
earth  dam  with  a  rock  foundation.  We  put  in  what  might  be  called  a 
core  wall  as  a  support  for  the  earth  dam.  Just  above  the  wall  we  put 
in  some  dry  rock  filling  to  create  a  sort  of  sump,  and  above  that  some 
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finer  material.  Then  we  put  in  a  lead  pipe  from  that  sump  to  the  toe 
of  the  dam,  to  show  what  was  going  on  underneath  the  structure.  The 
work  seemed  to  have  been  satisfactorily  done.  There  was  really  no 
leakage,  and  no  water  reached  our  broken  rock  at  all.  This  may  be  an 
instance  where  it  is  possible  to  determine  what  the  flow  was  between  the 
clay  and  hard  rock  underneath  it. 

Mr.  Isaacs. — I  was  at  Wright's  last  winter,  and  I  noticed  there 
was  some  little  dripping  from  the  pipes  that  had  been  put  into  the 
rubble  backing.  Whether  it  got  through  the  clay,  or  whether  it  fol- 
lowed down  the  concrete,  I  do  not  know.  There  was  quite  a  little 
stream  running  from  each  of  the  pipes  that  were  put  through  the 
puddle. 

Mr.  Hunt. — Mr.  Chairman,  this  paper  of  Mr.  Isaacs,  which  he  has 
presented  so  clearly,  brings  to  my  mind  some  experiences  I  have  had 
at  various  times  with  regard  to  very  large  clay  slips,  and  particularly  in 
railroad  practice.  I  know  of  instances  of  alluvial  deposits  in  rivers, 
where  a  clay  bank  on  the  concave  shore  is  continually  slipping  forward, 
and  railroads  constructed  along  such  a  river  bank  have  frequently  met 
with  mishap,  due  to  the  sliding  forward  of  these  large  clay  banks. 

The  usual  remedy  is  in  the  nature  of  preventing  such  slips  by 
drainage  of  the  sidehill  quite  a  distance  back  from  the  works.  That  is 
the  reason  I  asked  Mr.  Isaacs  whether  he  attempted  anything  of  that 
kind  to  prevent  future  action.  The  cause  of  these  great  movements  of 
sidehills  and  clay  slips  I  have  found  to  be  water,  which  gets  into  the 
soil  and  seeks  an  outlet,  generally  through  some  permeable  stratum.  In 
the  Red  River  Valley  in  North  Dakota,  a  large  area  of  land,  embrac- 
ing probably  fifteen  or  twenty  acres,  slid  forward,  not  quickly,  but  dur- 
ing a  number  of  years,  until  it  got  down  to  an  exceedingly  flat  slope. 
Nevertheless,  it  continued  to  move  forward  and  carried  with  it  a  large 
bridge  [tier  that  was  founded  on  piles  forty  feet  in  the  ground.  In  seven 
years  it  moved  about  ten  feet,  so  that  the  pier,  which  was  under  the  end 
of  a  Howe  truss  bridge,  was  pushed  under  the  second  panel  point.  The 
movement  was  perfectly  irresistible.  No  method,  as  far  as  could  be 
seen,  could  be  used  to  hold  it  back. 

I  know  of  a  case  also  in  California,  in  the  mountains  of  Mendocino 
County,  on  Eel  River.  The  side  of  the  mountain  started  to  move.  It 
was  due  to  water  getting  into  the  sidehill  quite  a  distance  back  from  the 
river,  and  it  was  pushing  the  whole  side  of  the  mountain  down  into  the 
river.  In  this  case  any  further  progress  was  prevented  by  a  very 
simple  method  of  draining  the  sidehill  about  a  thousand  yards  back.  A 
few  cross  ditches  carried  the  water  away,  and  since  then  no  further 
movement  has  been  discovered. 
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Mr.  Isaacs. — Before  this  work  at  Wright's  Station  was  undertaken 
we  discussed  the  matter  of  drainage  pretty  thoroughly.  This  tunnel  had 
always  given  trouble  in  the  heaviest  winters.  This  section  of  coun- 
try (I  think  Mr.  Manson  and  Mr.  Grunsky  will  bear  me  out)  has  about 
the  heaviest  rainfall  of  any  section  in  California  on  the  line  of  the 
Southern  Pacific  Railroad  except  Mount  Shasta.  We  had  already 
attempted  to  prevent  the  sliding  by  ditches,  just  beyond  the  gap,  leading 
off  both  ways  according  to  the  slopes  of  the  ground  to  the  side  creeks. 
But  that  did  not  stop  it.  The  difficulty  here  seemed  to  be  that  the 
mountain  side  was  composed  of  a  broken-up  soil,  consisting  of  fine, 
decomposed  rock  and  clay  and  various  other  materials,  all  mixed  up 
together,  and  it  lay  on  a  pitching  bed  of  rock.  This  mass  was  left  with 
perpendicular  sides  and  no  toe,  and  it  simply  slid  along.  In  the  time 
at  our  disposal,  with  ground  of  such  character,  and  with  a  large  rain- 
fall, we  could  not  put  in  enough  ditches  to  intercept  the  rain  and  pre- 
vent it  getting  down  into  the  crevices.  All  sorts  of  suggestions  were 
made  about  this  work.  One  suggestion  was  to  build  a  shed  over  the 
whole  mountain  side  and  keep  the  rain  off. 

Mr.  Hunt. — Such  slides  occur  where  the  water  gets  in  behind  and 
then  sweeps  down  underneath  the  surface  strata.  I  have  usually  found 
these  slides  in  a  clay  bank,  and  where  there  are  permeable  strata.  In 
one  particular  instance  I  argued  that  a  stratum  of  sand  was  causing  the 
trouble.  We  were  sinking  a  large  circular  pier,  thirty-two  feet  in 
diameter,  and  this  clay  bank  was  coming  in  on  us.  After  we  got  down 
quite  a  distance,  we  came  into  a  stratum  of  river  quicksand  a  few  inches 
in  thickness,  and  this,  no  doubt,  was  the  cause  of  the  slip.  The  water 
got  behind  and  into  the  clay,  and  the  whole  bank  moved  forward  on 
the  slide  thus  formed. 

It  has  been  my  experience  that  blue  clay  seems  to  be  the  most  slip- 
pery, and  that  the  most  irresistible  slides  are  those  caused  by  it. 

In  one  case,  when  we  had  a  very  bad  drought,  the  next  season  the 
bank  moved  more  than  usual.  That  was  probably  due  to  the  fact  that 
during  the  drought  the  heat  cracked  the  clay  bank,  so  that  they  were 
more  apt  to  break  open  and  leave  fissures  in  the  ground  ;  then  the  rain 
would  come  on  afterwards,  the  fissures  would  fill  up  with  water,  and 
the  hydrostatic  pressure  would  become  enormous.  I  suppose  this  is 
the  cause  of  nearly  all  these  slips. 

Mr.  Manson. — The  matter  of  sliding  hillsides  is  exceedingly  inter- 
esting here  in  California.  You  find  it  not  only  along  the  line  of  newly 
constructed  works,  but  along  creeks.  On  hillsides  and  on  mountain  sides 
the  evidence  of  it  is  very  distinct,  and  very  interesting  to  study. 

The  California  clays,  and  particularly  those  that  are  the  result  of 
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the  decomposition  of  an  impure  soapstone  we  have  here,  are  very  apt  to 
slide.  Mr.  Schussler  says,  he  believes  they  would  slide  up  hill.  He  has 
had  very  disastrous  experiences  with  them  in  connection  with  his 
pipes. 

Mr.  Hunt. — A  very  large  slide  took  place  in  Germany  some  years 
ago,  and  it  was  very  successfully  treated  by  means  of  a  deep  ditch  on 
the  upper  side.  It  was  carried  underneath  the  railroad  embankments, 
and  side  lateral  ditches  were  run  in  both  ways  parallel  to  the  railroad. 
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DEFLECTIONS   AND    STRAINS   IN   A   FLEXIBLE    RING 
UNDER   LOAD. 


By  William  H.  Seakles,  C.E.,  Member  of  the  Civil  Engineers'  Club  of 

Cleveland. 


[Read  before  the  Club,  July  9,  1895  *.] 

If  we  suppose  a  flexible  ring  of  uniform  section  to  stand  vertically, 
resting  on  a  single  point,  and  to  be  loaded  at  the  top,  a  number  of  in- 
teresting problems  at  once  present  themselves  for  solution,  such  as  : 

What  load  will  be  required  to  produce  a  given  depression  ? 

What  will  be  the  horizontal  extension  of  the  ring  under  the  same 
load? 

What  is  the  relation  between  the  vertical  and  horizontal  displace- 
ments ? 

What  is  the  general  relation  between  loads  and  vertical  depres- 
sions ? 

What  are  the  principal  moments  of  resistance,  at  the  side  and  top  ? 

What  is  the  position  of  the  section  of  no  moment  at  any  period  of 
deflection? 

What  is  the  radius  of  curvature  at  the  side  or  at  the  top  under  any 
condition  of  load  or  depression,  and  at  what  point  of  depression  does  the 
radius  of  curvature  become  infinite? 

Again,  the  same  questions  arise  if  we  suppose  the  load  to  be  re- 
placed by  a  vertical  pull,  changing  the  ring  from  a  roller  into  a  link. 

The  Club  has  already  listened  to  a  paper  on  the  compressive  strength 
of  steel  hoops  by  Prof.  C.  H.  Benjamin,^  the  publication  of  which  led 
Messrs.  C.  W.  L.  Filkins  and  Edwin  J.  Foot,  Civil  Engineers  of  Cornell 
University,  to  offer  an  elaborate  mathematical  analysis  of  the  conditions 
of  a  rigid  ring  under  external  load.  Their  conclusions  and  formulas, 
though  applicable  only  to  a  ring  which  remains  sensibly  circular  under 
load,  are  adopted  here  and  form  the  basis  or  starting  point  of  the 
present  investigation. 

The  experimental  data  were  derived  from  a  ring  of  No.  9  steel 
wire  electrically  welded,  having  a  mean  diameter  of  20  inches.  The 
ring  was  compressed  one  quarter  inch  at  a  time,  the  load  read  on  a 
spring  balance,  and  the  shape  of  the  hoop  traced  at  each  inch  of  com- 
pression, the  geometric  center  of  figure  being  kept  identical  in  all  cases. 

*  Manuscript  received  September  25,  1895. — Secretary,  Ass'n  of  Eng.  Socs. 
t  Journal  for  December,  1893. 
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The  ring  was  also  subjected  to  tension,  and  a  record  of  forces  and  shapes 
made  in  a  similar  manner.  These  experiments,  though  crude  enough, 
were  satisfactory  up  to  the  limit  of  elasticity.  Beyond  that  point  they 
were  supplemented  by  experiments  upon  hoops  of  band-steel  which 
would  bear  entire  collapse  under  pressure,  reducing  one  diameter  to 
zero,  and  yet  would  recover  their  original  shape  fairly  well. 

As  the  figure  of  the  hoop  is  always  symmetrical  about  its  two  prin- 
cipal axes  we  may  confine  our  attention  to  a  single  quadrant,  taking 
the  origin  of  co-ordinates  at  the  center  of  the  entire  figure,  and  calling 
the  vertical  semi  diameter,  Y,  and  the  horizontal  semi-diameter,  X. 
For  the  circle,  Y=X=R.     Let  A  Y denote  the  compression  due  to  a 
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load  and  A  X  the  horizontal  extension,  while  the  center  C  remains 
stationary.  Suppose  the  vertical  radius  to  be  divided  into  ten  equal 
parts  and  the  hoop  compressed  successively  to  each  point  of  division. 
We  shall  then  find  that  X  has  been  extended  by  ten  unequal  increments 
which  gradually  decrease  toward  the  end  of  the  experiment.  If  we 
extend  Y  by  equal  increments,  X  will  be  reduced  by  rapidly  increasing 
increments.  If  we  draw  perpendiculars  through  the  corresponding  points 
of  division,  their  intersections  will  lie  in  a  curve.  (Fig.  1.)  This  curve, 
of  course,  passes  through  the  point  0  where  the  tangents  to  the  circle 
meet,  it  crosses  the  axis  of  Fat  H,  CH  being  equal  to  the  length  of  the 
quadrant  and  is  the  value  of  Y  when  X=  0.     The  curve  also  cuts  the 
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axis  of  X  at  /,  when  Y=  0.  The  tangent  at  i"  is  assumed  to  be  at  right 
angles  to  CI. 

To  find  the  tangent  at  0  we  refer  to  the  paper  above  mentioned 
which  demonstrates  that  if  Al,  A  Y,  represent  the  first  minute  changes 
in  the  value  of  the  radius  R  of  a  circular  ring  under  a  load  P,  then 

v     4—-    PRS       ,      TT      tt2— 8    PR3 
AX  =  -^r-  ej-  and  A  F=-g^—  ~eT'  W 

Consequently,  if  i  is  the  inclination  of  the  required  tangent  at  0  to 
the  axis  of  Y,  we  have  by  division, 

tan*=^-=^=^  =  .91828  (2) 

or  i  =  42°33/38,"  a  constant,  and  therefore  true,  for  all  hoops.  Having 
now  three  points  through  which  the  curve  of  XY  passes  and  the  direc- 
tion of  the  tangents  at  two  of  them  we  determine  by  graphical  tests  that 
this  curve  can  only  be  a  common  parabola,  but  its  axis  does  not  pass 
through  our  origin  C,  nor  is  it  parallel  to  either  axis  of  co-ordinates. 
The  finding  of  the  axis  of  the  parabola,  its  focus,  etc.,  by  analysis  is 
a  neat  little  problem,  which,  however,  need  not  be  gone  into  here.     Suf- 

fice  it  to  say  that,  C  H  being  equal  to  R  —^—   =  R   1.5708,  and    C  I 

equal  to  R  1.3673  and  the  tangents  to  the  curve  at  0  and  I  being  as 
stated,  the  axis  of  the  parabola  is  inclined  to  the  axis  of  Xby  an  angle  of 
28°  33'  49"  and  cuts  the  axis  of  A"  at  a  point  .14461  R  beyond  or  to  the 
left  of  the  origin  C.  The  co-ordinates  of  the  vertex  Fare  X  =  1.19450 
R,  and  Y=  .72900  R.  The  parameter  is  2p  =  2.6558  R.,  in  which  R 
is  the  mean  radius  of  the  original  hoop. 

This  parabola  solves  the  third  question  of  the  series,  giving  by  its 
co-ordinates  the  relation  between  the  vertical  and  horizontal  displace- 
ments. The  calculation  of  value  of  A  Xin  terms  of  A  Y  is  rather 
tedious.  The  equation  of  the  curve,  referred  to  the  axes  X  Y,  is  too  com- 
plex for  convenient  use,  but  a  double  transformation  of  co-ordinates  is 
practicable.  Taking  the  origin  for  A  X,  A  Fat  0,  and  taking  the 
origin  for  the  co-ordinates  A  Y  of  the  parabola  at  its  vertex  V,  and 
letting  a,  b  represent  the  distance  between  origins  measured  on  A  Y,  and 
<x  the  inclination  of  the  axis  to  A'  as  given  above,  then  for  any  value 
A  Y  corresponding  to  the  point  M  on  the  curve  between  0  and  Fwe 
have 

(b — A  Y)  =  y  co^.  oc  —  x  sin.  x 

But  for  the  parabola  x  =  

'2p 
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y  =p  cot.  «  -\!p2  cot.  2oc  -  2/Mft-A  Y)_  (3) 

ft2 

from  which  value  we  find  that  of    x  =  ~M—      and  finally 

A  X=  a  —  (x  cos.  <x   -f-  y  sin.  <x  )  (4) 

The  same  formulas  apply  to  any  point  M  on  the  curve  above  0  or 
below  V,  with  suitable  change  of  signs.  Having  calculated  a  series  of 
values  of  A  A' we  have  only  to  add  them  to  R,  (or  subtract  for  points 
above  0)  to  obtain  the  values  of  A"  referred  to  the  origin  C,  since  the 
ordinate  A  A'  =  A' — R.  By  this  method  all  tabulated  values  of  Agiven 
below  have  been  calculated.  The  parabola  below  0  represents  compres- 
sion (Fless  than  R)  and  above  0  extension  (F  greater  than  P).  It 
applies  to  all  circular  rings  of  whatever  section  or  diameter.  Its  deter, 
mination,  as  we  have  seen,  is  a  purely  geometrical  problem,  being  inde- 
pendent of  the  amount  of  force  or  load  required  to  produce  distortion  in 
the  ring.  Its  form  is  always  the  same.  If  drawn  to  scale  for  a  ring  of 
unity,  its  ordinates  A  X  A  F  multiplied  by  the  radius  of  another  ring 
will  give  the  amount  of  distortion  for  the  latter. 

To  investigate  the  law  governing  the  loads  required  to  produce  a 
given  series  of  depressions,  reference  was  had  to  the  experiments  made 
upon  the  20-inch  ring.  Drawing  a  vertical  line  OA,  10  inches  long  to 
represent  the  radius,  and  dividing  each  inch  into  eighths,  horizontal  lines 
were  drawn  through  the  points  of  division,  on  which  were  laid  off,  to  a 
scale  of  ten  pounds  to  an  inch,  the  actual  loads  deduced  by  experiment. 
A  line  drawn  through  the  extremities  of  these  ordinates  approximated 
a  curve,  the  character  of  which  was  not  obvious  at  first,  owing  to  the  per- 
manent set  that  occurred  in  the  ring  as  the  load  increased. 

To  find  the  tangent  to  the  force-curve  at  0,  where  the  load  P  equals 
zero,  we  quote  again  from  the  Cornell  paper  the  equation  giving  the 
relation  between  the  load  and  depression  while  the  ring  remains  circu- 
lar, viz: 

Tr       tt2  —  8     PR3 

If  in  this,  we  replace  P  by  A  P  to  represent  the  load  producing  the 
first  indefinitely  small  depression  A  Y,  and  then  multiply  APby  S. 
(=10;  to  reduce  inches  to  pounds,  we  have  : 

AF=AP.S.P3     -3-8 


EI 


Now  dividing  by  A  Y,  and  letting  u  =  the  inclination  of  the  tan- 
gent line  to  the  vertical : 
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AP  8-         EI 

**•*  = -ZT=1J=S' SB*  (5) 

An  examination  of  the  form  of  the  hoop  as  traced  at  certain  stages 
of  the  experiment  showed  that  at  one  stage  of  depression  the  top  of  the 
hoop  becomes  perfectly  flat,  although  loaded  at  a  single  point,  and  this 
was  found  to  occur  exactly  at  the  level  of  V,  the  vertex  of  the  parabola. 
"With  any  increase  of  load  after  this,  the  curvature  is  reversed  in  the  top 
of  the  hoop,  and  when  the  hoop  is  entirely  collapsed,  or  Y=  o,  the  radius 
of  curvature  appears  to  be  just  one-half  of  the  original  radius  it!. 

Now  it  is  a  well-known  principle  of  mechanics,  that  if  an  elastic 
straight  bar  be  bent  into  a  circular  form  and  the  ends  united,  the  ring 
will  be,  theoretically,  a  perfect  circle,  and  a  moment  of  resistance  will 
be  developed  in  every  section  of  the  material  tending  to  restore  the  ring 
to  a  straight  line  the  instant  that  the  ends  are  released.     This  uniform 

F I 

moment  is  expressed  by  — p->  or  the  product  of  the  modulus  of  elas- 
ticity into  moment  of  inertia  of  the  cross-section  divided  by  the  mean 
radius  of  the  ring. 

Conversely ;  if  an  elastic  ring,  normally  circular,  be  so  compressed 
as  to  reduce  a  portion  of  it  to  a  straight  line,  the  moment  of  resistance 

FT 

developed  in  that  portion  will  be  -^=-  as  before.     And  if  the  pressure 

be  increased  until  the  radius  of  reversed  curvature  becomes  equal  to  the 
original  radius  the    moment  of  resistance  of  the  section  will   then  be 

2  — — .     If  by  further  pressure  the  reversed  radius  be  reduced  to  one- 
is! 

FT 

half  the  original  radius  the  resulting  moment  will  be  increased  to  3-^— ; 

and  so  on. 

If  then  Mb  represents  the  variable  moment  at  the  section  B, 

For  level  ofB     AY=0  Mb  =  0  RB  =  R 

V    AY=  .2709974R,  MB 

f     aF=/  Mb  =  2—  Rb  =  —  R 

a 

FT 
C    AY=R  Mb  =  2>-jt  R    =  —  2R 

f  7?  "\  FT 

and  in  general  Mb  =  (  1  —  ~W~)r  ^ 

in  which  Rb  =  the  variable  radius  of  the  hoop  at  the  point  of  applica- 
tion of  load. 


0 

Rb 

EI 
R 

Rb 

2^ 
R 

Rb 

•2 

R 

o- 

R 

Rb 

-\EI 

)r 

DEFLECTIONS  AND  STRAINS.  129 

We  thus  know  the  value  of  the  moment  Mb  for  three  positions  of 
the  point  of  application  of  force,  and  if  we  knew  the  lever  arm  in  each 
case  we  could  calculate  the  force  exerted. 

Now  the  Cornell  paper  demonstrates  that  for  a  rigid  circle  the 
sum  of  the  two  principal  moments  (at  A  and  B)  is 

,r     ,     ,  r        PR 
MA  +  MB  =  -y- 

As  the  flexures  at  A  aud  B  are  contrary,  there  must  he,  on  the  quadrant 
between  them,  a  point  of  no  flexure,  and  consequently  of  no  moment. 

2 

This  point  is  proved  to  be  at  D,  the  horizontal  ordinate  of  which  is  ~R. 

2 
The  point  D  is  the  center  of  moments  for  the  circular  ring,  and  -  R 

is  the  lever  arm  for  the  moment  at  B.     Therefore,  for  the  circle, 


PR    2       PR  ~) 


ma 


-*-^i-3 


y  (7) 

i 

J 

A  careful  study  of  the  several  shapes  of  the  ring,  traced  at  succes- 
sive stages  of  compression,  served  to  locate  with  considerable  accuracy 
the  point  in  each  case  where  the  radius  of  curvature  was  equal  to  the 
original  radius  R.  These  points  taken  together  gave  a  fairly  regular 
curve,  and  an  average  curve  drawn  among  them  was  taken  to  be  the 
curve  of  no  moment,  or  the  locus  of  the  center  of  moments  for  all  stages 
of  compression.     See  H  D  F,  Fig.  1 . 

It  was  then  discovered  that  the  horizontal  ordinate  to  the  intersec- 
tion of  the  locus  with  the  compressed  ring  bore  a  constant  ratio  to  the 
value  of  Xfor  the  same  stage  of  compression  (X  being  the  horizontal 
semi-diameter) ;  and  that  this  ratio  is  identical  with  the  ratio  established 
by  theory  for  the  lever  arm  in  the  circle.  Calling  the  two  lever  arms 
at  any  stage  XA  and  XB,  respectively, 

XA  +  XB  =  X 

XB  =  2~  and  XA=x(l  —  ^\  (8) 

Consequently 


P    2X      PX  „        PXi      PX 

i-T^T         M*  =  -1T=  2~ 


0-D  <9> 


The  discovery  of  the  permanence  of  this  ratio  is  probably  the  most 
important  one  in  the  whole  investigation.  We  have  now  only  to  resolve 
the  last  formula  to  obtain 


P=MBT  (10) 


10 


130 


ASSOCIATION  OF  ENGINEERING  SOCIETIES. 


Giving  to  MB  and  X  the  particular  values  found  for  them  for  the  level 
of  the  vertex  V,  we  obtain  the  corresponding  value  of  P;  similarly  we 
find  the  value  of  P  for  the  state  of  collapse,  and  plotting  these  two 
values  to  scale  we  have  two  definite  points,  TFand  J,  on  the  force-curve 
(Fig.  2),  besides  the  point  0,  and  the  direction  of  the  tangent  at  0. 
Drawing  a  curve  through  these  points  and  through  other  points  near  0 
obtained  by  direct  experiment,  it  became  evident  that  the  force-curve  is 
an  hyperbola.  It  was  also  evident  that  the  vertex  lay  a  short  distance 
above  the  level  of  B,  and  that  the  axis  through  the  vertex  passes  not 
far  from  the  center  C  of  the  circle.     The  three  known  points  of  the 


Fig    2. 

hyperbola  are  therefore  all  on  one  side  of  the  axis,  and  the  hyperbola 
beyond  the  vertex  is  given  only  approximately  by  experiment. 

But  if  we  consider  the  moments  induced  in  the  section  A,  we  see 
that  no  amount  of  vertical  tension  applied  at  B  can  do  more  than 
straighten  the  ring  at  A  ;  consequently  the  moment  M^  can  never  exceed 

EI 

the  limit  ~n  ;  and  this  limit  is  only  reached  when  the  ring  is  drawn 

out  to  a  straight  line,  and  Xis  reduced  to  zero.  At  the  same  time  the 
moment  MB  under  tension  iucreased  indefinitely  by  the  action  of  the 
same  force  that  produces  MA.  It  is  obvious  that  the  lever  arms  XAXB 
cannot  maintain  an  invariable  ratio  on  the  tension  side  as  they  do  on 
the  compression  side,  but  XB  must  increase  at  the  expense  of  XA  while 
their  sum  is  always  equal  to  the  variable  quantity  X,  the  mean  semi- 
diameter  of  the  link.     The  change  of  ratio  does  not  begin,  however, 
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until  the  level  of  the  vertex  V  of  the  hyperbola  is  reached  and  is  not  per- 
ceptible until  F=1.10  R.  At  or  near  this  point  the  curve  of  moments 
MA  undergoes  reversion,  and  it  finally  becomes  tangent  to  a  line  parallel 

EI 

to  the  axis  of  Fat  a  distance  from  it  equal  to   -5-  when  F reaches  its 

maximum  of  ~R. 

This  curve  of  MA  was  drawn  tentatively  at  first  on  the  tension  side, 

M 

as  also  the  curve  of  P;  and  XA  =  -~  determined  for  a  number  of  points. 

Then  XB  =  (X-XA)  was  found,  and  finally  MB  =  ?XB.     The  half  load 

Li 

only  is  employed,  because  by  supposition  the  load  Pis  equally  divided 
between  the  two  sides  of  the  ring,  and  we  are  considering  only  one  side. 
After  a  number  of  trials,  a  set  of  curves  for  loads  and  moments  in  ten- 
sion was  arrived  at  that  seemed  to  satisfy  all  conditions  reasonably  well. 

The  force-curve  is  required  in  any  case  to  pass  through  the  given 
points  0,  W,  J,  and  to  have  a  tangent  at  0,  making  the  given  angle  u 
with  the  axis  of  F.  Any  change  in  the  assumed  position  of  the  vertex 
V  or  direction  of  axis  V  C  would  make  very  slight  impression  on  the 
compression  side  of  the  curve  while  making  a  wide  divergence  on  the 
tension  side.  Experiments  are  needed  in  the  high  tensions  upon  a  ring 
of  great  elasticity,  to  fix  definitely  a  few  points  well  out  on  the  tension 
end  of  the  force-curve,  but  in  their  absence  the  present  results  are  offered 
as  fair  approximations  through  the  whole  range,  and  very  close  to  the 
truth  on  the  compression  side,  and  as  far  as  1.10  R  in  tension. 

The  axis  of  the  hyperbola  can  have  but  one  direction  for  a  given 
position  of  the  vertex,  otherwise  the  angle  u  would  be  altered,  yet  the 
relation  between  them  is  not  easily  expressed.  Having  decided  upon  the 
direction  of  the  axis,  or  the  angle  /3  that  it  makes  with  0  Y,  the  position 
of  the  vertex  was  found,  alter  a  few  trials,  such  as  to  give  u  the  required 
value. 

The  value  of  the  modulus  of  elasticity  of  the  steel  wire  in  the  experi- 
mental ring  was  taken  at, 

E  =  28,666,890  [7.4573805] 

and  the  moment  of  inertia  [5.3720167] 

Hence  EI  =  675.1452  [2.8293972] 

FT 

j^  .06751452  [8.8293972] 

The  constant         "      is  [1.1284902] 


.  • .  tan.  u  =  tan.  42°  13'  35".  11  [9.9578874] 
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Calling  the  force  required  to  compress  the  hoop  to  the  level  of  V, 
Pi'- 
Px  =  MB  -4-  =  ^  •  -^-  =  17.75658  [1.2493594] 

If  P2  is  the  force  required  to  collapse  the  hoop  to  the  level  of  the 
center : — 

P2  =MB~  =  ^  .  ~  =  46.53673  [1.6677959] 

A3  P         A  2 

since  X1  =  11.945042  and  X2  =13.67325  for  the  parabola,  as  we 
have  already  seen.  The  values  of  Px  and  P2  are  thus  calculated  inde- 
pendent of  experiment  as  soon  as  E  is  determined,  and  since  the  ordi- 
nates  representing  them  are  plotted  to  the  scale  of  -j^,  we  must  take  one- 
tenth  their  value  as  the  ordinates  to  the  hyperbola. 

The  direction  finally  fixed  upon  for  the  axis  of  the  curve  makes  an 
angle  with  the  axis  of  I7"  of  /5  =  37°  15'  on  the  opposite  side  from  the 
angle  u.  The  next  step  is  to  calculate  the  semi-axes,  a  and  b,  of  the 
hyperbola  passing  through  the  three  given  points,  with  the  given  tan- 
gent at  0,  to  locate  the  center  and  vertex,  and  to  find  the  co-ordinates 
^o  Vo*  xi  Vi  and  #2  V%  of  the  three  given  points,  referred  to  the  axis  and 
center  of  the  hyperbola.  Not  to  burden  this  paper  with  these  mathemati- 
cal pyrotechnics,  let  us  assume  this  work  accomplished,  and  we  find  as 
results  : 


2/o 

1.291056 

2/i 

4.344814 

2/2 

11.048329 

[0.1109451] 


3.758851  [0.5750551] 

4.841201 

8.902030 


For  the  semi-axes : 
a  =  3.636958  [0.5607383]   b  =  4.945402  [0.6942016] 

Note  that  a  is  less  than  b,  showing  that  this  is  what  is  usually  called 
a  conjugate  hyperbola. 

If  we  let  h  and  k  stand  for  the  co-ordinates  of  the  center  referred  to 
the  origin  at  O  and  axes  XY,  then  : 
h  =  1.247527  |  h  =  3.773522  [0.5767469] 

With  these  quantities  we  may  construct  the  hyperbola  and  scale  off 
the  horizontal  ordinates  at  any  point  above  or  below  O  corresponding  to 
±Af,  the  ordinate  giving  one-tenth  (±  P)  in  each  case. 

To  calculate  P  for  any  exact  value  of  A  I7"  we  resort,  as  in  the  case 
of  the  parobola,  to  a  double  transformation  of  co-ordinates.  Assuming 
A  Y  giving  a  point  M,  on  the  hyperbola,  find  x,  then  y,  and  from 

p 
these  find  ^  for  the  same  point  M. 
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The  formulas  for  this  calculation  for  points  below  0,  or  when  P  is 
positive,  are: 

x  =  —  {h  +  A  F)  A  cos.  fi  +  V  {h  +  A  Y )2  [A2  cos.2  [i  +  .4] 

+  J62  sin.2  /9  (11) 


in  which 


y 

and 


&2  sin.2  /3 

(&  +  A  T)  —  a;  cos.  ,3 
sin.  /? 


aJ  cos.J  a 


or 


vs 


a  constant  ratio, 


'a;2— a2),        (12) 


\jq  —  h  j  =  y  cos.  /5  —  a;  sin. 


i?.  (13) 


The  same  formulas,  with  suitable  change  of  signs,  apply  to  finding 
P  in  tension,  or  —  P.  By  this  method  all  the  values  of  Pwere  obtained, 
as  given  in  the  following  table  : 

TABLE  I. — Values  Derived  from  Experimental  Ring. 
J2  =  10.        #7=675.1452. 


Y 

P  lbs. 

X  ins. 

Ma 

Mb 

Ba  ins- 

Rb   ins. 

— 

+ 

— 

— 

+ 

+ 

15 

819.9721 

2.0980 

67.301 

792.85 

3154.6 

.7847 

14 

305.0290 

4.4367 

65.613 

611.04 

354.99 

.9950 

13 

82.0106 

6.2787 

58.667 

198.80 

76.278 

2.5322 

12 

30.8645 

7.7679 

41.188 

78.688 

25.645 

4.6178 

11 

11.1886 

8.9898 

18.275 

32.018 

13.711 

6.7833 

10 
9 

0. 

+ 
7.8199 

10. 
10.8372 

0. 

+ 
153975 

0. 

+ 
26.975 

10. 
8.1429 

10. 
16.6544 

8 

13.9771 

11.5295 

29.279 

51.296 

6.9721 

41.611 

7 

19.1993 

12.0883 

42.203 

73.935 

6.1535 

-+-  00 

105.152 

6 

23.8400 

12  5600 

54.404 

95.313 

5.5377 

24.283 

5 

28.0967 

12.9278 

65.995 

115.622 

5.0647 

14.035 

4 

32.0867 

13.2123 

77.027 

134  947 

4.6710 

10.0125 

3 

35.8845 

13.4223 

87.512 

153.316 

4.3550 

7.8686 

2 

39.5380 

13.5651 

97.447 

170.722 

4.0927 

6.5415 

1 

43.0805 

13.6470 

106.820 

187.141 

3.8728 

5.6435 

0 

46.5367 

13.6733 

115  614 

202.545 

3.6867 

.5 

134  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

The  values  of  the  moments  MA,  MB  are  the  products  of  ?  PR  by  the 
respective  lever-arms  XA,  XB  which  are  given  in  Table  II.  Although 
the  bending  at  A  and  B  is  contrary,  one  being  outward  when  the  other 
is  inward,  the  moments  at  A  and  B  take  the  same  sign ;  vis.  the  sign  of 
of  P  whether  -j-  or  — ,  since  the  lever-arms  are  considered  positive 
throughout,  and  the  two  moments  conspire  to  resist  or  balance  the  load 
at  any  instant. 

The  last  two  volumes  give  respectively  the  radius  of  curvature  of 
the  bent  hoop  at  the  points  A  and  B.  Under  tension  the  radius  RA  in- 
creases from  10  to  infinity,  while  under  compression  it  is  diminished  to 
3.6867  for  Y=  0,  or  A  Y=  10.  The  radius  of  curvature  Rb,  on 
the  contrary,  is  decreased  theoretically  to  zero  under  tension  when 
Y=  15.708,  but  under  compression  increases  rapidly  to  infinity  when 
Y=  7.290026,  and  then,  changing  sign  it  is  reduced  from  —  infinity 
to  —  5,  or  —  ?  R,  when  Y=  0.  When  Y=4  the  value  of  Rb  is 
— 10.0125,  or  —  R  very  nearly.  The  formulas  for  obtaining  RA  and  Rb 
will  be  given  later. 

Since  Table  I  only  contains  values  applicable  to  the  experimental 
ring  it  would  seem  at  first  to  serve  no  purpose  other  than  to  illustrate 
the  subject,  but  as  we  shall  now  see,  we  may  from  this  construct  a  table 
applicable  to  all  cases. 

Taking  any  one  line  of  the  table  and  regarding  the  quantity  in  the 
first  column  merely  as  a  proportional  part  of  radius  R,  we  observe  from 
the  preceding  formulas  that,  when  R  is  constant : 

P  varies  as  EI,  X  is  constant,  and  MA,  Mb  vary  as  EL 

But  if  EI  is  constant  and  R  variable  : 

P  varies  as  ™,  X  varies  as  R,  and  MA,  Mb  vary  as  ™ 

Therefore  by  combination  ;  in  general, 

FT  FT 

P  varies  as  ^-,  X  varies  as  R,  and  MA,  Mb  vary  as  -^  • 

P/?2 

Now  let  Fbe  divided  by  R,  to  get  Y of  Table  II.     Let  K=  2El'  ta^" 

ing  R  and  JSTfrom  the  head  of  Table  I.  Find  XA,  Xb  from  X  by 
equation  (8),  first  dividing  A" by  R,  Table  I,  and  place  all  the  results  in 
Table  II.  These  are  values  corresponding  to  R  =  1  and  EI=  1 ;  but 
K=  the  half  \oa.d. 

If  then  we  let  A,  B,he  the  principal  moments  for  R  =  1  and  EI=  1 
we  have  at  once  A  =  KXa,  and  B=  KXb.     Or  we  may  obtain  A,  B, 

by  multiplying  MA,  Mb,  each  by  -^r?.     Table  I. 


R  ~\EI 
Rb)  r 
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To  find  the  radius  of  curvature  at  B,  we  have  from  equation  (6) 

** =<>-£> 

whence 

R 

Rb  =  -,  Tir      R 

1-Mb-jx 
and  when 

R  =  1  and  EI  =  1  RB 


L  —B 
Similarly  we  may  derive 

fR         ,~\EI 

whence 

R 


Ra  =  ,    ,    RMa 

"*"    EI 

and  when  R  =  1  and  EI  =  1,  Ra  = 


1  +  A' 


In  using  A  and  5  in  these  formulas,  their  algebraic  signs  must  be  re- 
garded. 

We  may  now  prepare  the  following  table,  for  general  use : 
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TABLE  II.— Values  Pertaining  to  an  Elastic  Ring. 
In  which  R  =  1  and  EI  =  1. 


Y 

K 

xA 

xB 

A 

B 

Ra 

Rb 

- 

— 

— 

-f 

+ 

1.5 

60.726 

.016416 

.19339 

.99683 

11.7435 

315.46 

.07874! 

1.4 

22.590 

.043021 

.40065 

.97183 

9.0504 

35.499 

.099498 

1.3 

6.0735 

.143064 

.48481 

.86890 

2.9415 

77.6278 

.25352 

1.2 

2.2857 

.266895 

.50990 

.61006 

1.1655 

2.5645 

•4617S 

1.1 

0.82860 

.326672 

.57232 

.27068 

.47423 

1.3711 

.67833 

1. 

0. 

.363380 

.636620 

.0 

.0 

1. 

1. 

+ 

+ 

+ 

+ 

+ 

.9 

0,57913 

.393802 

.689917 

.22806 

.39955 

.81429 

1.66541 

.8 

1.01312 

.41896 

.73399 

.43367 

.75977 

.69751 

4.1611 

-t-  00 

.7 

1.42185 

.43963 

.77020 

.62509 

1.0951 

.61535 

10.5152 

.6 

1.76554 

.45641 

.79959 

.80580 

1.4118 

.55377 

2.4283 

.5 

2.08079 

.46977 

.82301 

.97748 

1.7125 

.50647 

1.4035 

.4 

2.37628 

.48011 

.84112 

1.14088 

19987 

.46710 

1.00 12& 

.3 

2.65755 

.48774 

.85449 

1.29620 

2.2709 

.43550 

.78686- 

.2 

2.92817 

.49293 

.86358 

1.44334 

2.52?7 

.40927 

.65415 

.1 

3.19046 

.49590 

.86880 

1.58216 

2.7718 

.38728 

.56438- 

0.0 

3.44642 

.49687 

.87045 

1.71242 

3. 

.36867 

.5 

K  in  lbs.     A  and  B  in  lbs.-inches.     The  others  iu  inches. 


In  order  to  apply  Table  II  to  any  elastic  ring  of  radius  R,  and  elastic 
reaction  EI,  we  have  only  to  observe  the  following  rules : — 

2EI 


To  find  the  total  load,  P  =  K 


A'- 


To  find  the  lower  arms  XA  Xb,  multiply  the  tabular  numbers  by  R. 
To  find  the  semi  diameter  X,  add  together  the  lower  arms  just  found. 
To  find  the  principal  moments  MA  Mb,  multiply  A  and  B  of  the 

table  by  4— 
J   R 

To  find  the  radius  of  curvature  at  A  or  B,  multiply  RA  or  Rb  (Table 

II)  by  R. 
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We  are  thus  able  to  solve  the  problem  of  the  elastic  ring  through 
the  whole  range  of  distortion,  or  as  far  as  the  elastic  limit  of  the  material 
will  permit.  Interpolated  values  may  be  used  if  necessary,  in  which 
case  the  second  order  of  differences  should  be  employed  to  secure  accurate 
results. 

TABLE  III. — Values  Pertaining  to  an  Elastic  Eing. 
In  which  R  =  1,  and  EI '==  1. 


AY 

K 

A  A' 

A 

B 

B-A 

Bb 

+ 

- 

— 

— 

— 

+ 

+ 

.10 

.82860 

.10102 

.27068 

.47422 

1.37114 

.67833 

.09 

.72752 

.09004 

.24056 

.42145 

1.31677 

.70351 

.08 

.63150 

.07927 

.21129 

.37016 

1.26789 

.72984 

.07 

.54009 

.06869 

.18278 

.32021 

1.22365 

.75745 

.06 

.45288 

.05832 

.15497 

.27150 

1.18339 

.78647 

.05 

.36950 

.04814 

.12781 

.22391 

1.14654 

.81705 

.04 

.28964 

.03814 

.10124 

.17736 

1.11264 

.84936 

.03 

.21301 

.02834 

.07521 

.13176 

1.08133 

.88358 

.02 

.13934 

.01871 

.04969 

.08705 

1.05228  . 

.91992 

.01 

.06841 

.00927 

.02463 

.04315 

1.02525 

.95864 

.00 

.0 

.0 

.0 

.0 

1. 

1. 

— 

+ 

+ 

+ 

+ 

+ 

+ 

.01 

.06607 

.00910 

.02423 

.04244 

.97635 

1.04433 

.02 

.12998 

.01803 

.04808 

.08424 

.95412 

1.09199 

.03 

.19187 

.02679 

.07159 

.12542 

.93319 

1.14341 

.04 

.25190 

.03539 

.09477 

.16604 

.91343 

1.19909 

.05 

.31017 

.04383 

.11765 

.20612 

.89473 

1.25963 

.06 

.36682 

.05211 

.14024 

.24569 

.87701 

1.32572 

.07 

.42195 

.06024 

.16256 

.28480 

.86017 

1.39821 

.08 

.47564 

.06821 

.18463 

.32346 

.84415 

1.47811 

.09 

.52801 

.07604 

.20646 

.36170 

.82887 

1.56667 

.10 

.57913 

.08372 

.22806 

.39955 

.81429 

1.66541 

K  in  lbs.     A  and  B  in  lbs. -inches.     The  others  in  inches. 
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As  most  cases  requiring  solution  will  be  concerned  with  a  distortion 
A  Fnot  exceeding  ±  — -,  Table   III  has  been   prepared  within  these 

limits. 

To  find  the  limiting  load,  the  maximum  fibre-stress  must  be  consid- 
ered. If  this  be  represented  by  p  and  the  half  thickness  of  the  ring  or 
pipe  by  e,  since 

e  R 

T>Ee  A  AEI 

pB  =  B^-  and  pA  =  A^ 

p 

At  A  we  have  also  the  unit-stress  of  the  half-load  —  divided  by  the 

area,  but  this  is  relatively  quite  small.  Since  the  ratio  of  B  to  A  or  pB  to 
pA  is  never  less  than  7  :  4,  and  in  high  tension,  much  greater,  ps  is  greater 
than  the  sum  of  the  unit  stresses  at  A.  There  is  neither  thrust  nor  ten- 
sion at  B,  but  there  is  a  shear,  equal  to  half  the  load,  near  the  point  of 
application. 

If  we  assume  a  limit  for  p  we  first  find  B  by 

7?  R 

B=PEe 

and  opposite  value  of  B  in  the  table  we  find  the  other  values  required 
Thus  taking  the  limiting  value  of  the  half  load  K  for  unity,  we  multiply 

OTTT 

it  by— g —  to  obtain  the  limiting  value  of  P. 
R2 

The  hoop  is  assumed  to  preserve  an  invariable  length  under  stress. 
It  does  so,  sensibly  in  compression,  and  in  moderate  tension;  but  when 
pulled  out  into  a  flat  link  it  will  generally  stretch  so  as  to  give  results 
somewhat  at  variance  with  the  theory  of  the  elastic  ring. 

Unless  the  material  is  of  uniform  section  and  elasticity  throughout 
it  will  yield  most  at  the  weakest  point,  thus  disturbing  the  ratios  of  dis- 
tortion, AX  and  A  Y.  Hence  in  any  exji>eriment  both  principal  di- 
ameters should  be  measured  and  compared. 

We  may  now  look  at  an  application.  A  steel  pipe  of  8  feet  4  inches 
mean  diameter,  made  of  T3^  inch  plate,  lying  horizontally  and  free.  What 
load  per  lineal  foot  may  be  placed  upon  it  so  that  it  shall  be  depressed 
not  more  than  one-tenth  of  its  diameter? 
E  =  29,000,000.  log.  7.46240 

In  one  foot  of  length  I=~  =  i~\  "    7.819C0 

Radius  R    50  "    1.69897 

FT 

==-  "    3.58243 
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AY  = 

.10,  B    .39955 

..MB  =  B§- 

Ee        3     29,000,000 

R  ~  32  "         50 

.  '  -PB 

1EI 

R* 

ay= 

.10,  K    .57913 

.-.P 

1527.6 


21726. 


log.  9.60157 
3.18400 

4.73540 
4.33697 
2.18449 


9.76277 
88.565  "    1.94726 

Therefore  the  load  per  lineal  foot  must  not  exceed  88.5  pounds,  and 
this  will  cause  a  maximum  fibre-stress  (at  B)  of  21,726  pounds  per  square 
inch.  Of  course,  if  the  pipe  has  side  support,  as  of  earth  in  a  trench,  or 
if  the  load  were  distributed,  the  load  might  be  greatly  increased  with 
safety. 


Bradley  §  j 
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THE  CONTINUOUS  RAIL  IN  STREET  RAILWAY 
PRACTICE. 


By  Richard  McCulloch,  Member  of  the  Engineers'  Club  of  St.  Louis. 

[Read  before  the  Club,  October  2, 1895.*] 

In  one  of  Jules  Verne's  stories  there  is  very  happily  described  the 
rivalry  between  an  armor  maker  and  a  cannon  manufacturer.  Mix, 
forge,  temper  and  chill  as  he  would,  no  sooner  would  the  armor  maker 
turn  out  a  piece  of  steel  which  was  an  absolutely  safe  covering  for  a  war 
ship,  than  the  cannon  maker  would  produce  a  gun  to  shoot  through  it. 
Much  the  same  condition  of  affairs  might  be  supposed  to  exist  between 
the  rail-mill  and  the  car-factory. 

In  the  horse-car  days,  flat  tram-rail,  laid  on  stringers,  was  used 
almost  entirely,  and  when  the  girder-rail  was  rolled  it  was  supposed  that 
all  that  could  be  desired  in  the  way  of  track  had  been  produced.  But 
when  electric  cars  were  put  on  the  horse-car  tracks  and  when  the  length 
of  these  cars  was  increased  from  eighteen  to  thirty-five  feet,  the  weights 
from  five  thousand  to  twenty-four  thousand  pounds,  the  speeds  from 
eight  to  twenty  miles  per  hour,  and  the  headway  decreased  from  five 
minutes  to  less  than  one  minute,  the  rail  manufacturer  found  himself  a 
thorough  sympathizer  with  Jules  Verne's  armor-plate  maker.  For  every 
inch  that  he  added  to  the  depth  of  his  girder-rail,  and  for  every  im- 
provement in  its  manufacture,  an  additional  length  was  added  to  the  car 
and  an  additional  weight  to  the  trucks  and  motors. 

*  Manuscript  received  October  25,  1895. — Secretary,  Ass'n  Eng.  Socs. 
11 
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The  life  of  a  girder-rail  is  supposed  to  continue  until  the  head  be- 
comes so  worn  that  the  flanges  of  the  wheels  begin  to  run  on  the  tread. 
But  as  a  matter  of  fact,  few  street  railway  tracks  last  until  this  takes 
place,  for  long  before  the  head  is  worn  off,  the  joints  have  become  so 
rough  that  the  rail  must  be  renewed  to  save  wear  and  tear  on  passengers 
and  cars.  No  matter  how  carefully  and  skillfully  the  track  has  been 
laid,  sooner  or  later  the  inevitable  bump  begins  to  notify  the  unhappy 
manager  that  his  track  is  composed  chiefly  of  joints.  What  to  do  is 
then  a  question.  He  may  at  quite  an  expense  put  a  gang  of  men  to 
work  tightening  up  the  fish-plates,  shimming  up  the  joints,  putting 
stringers  and  steel  plates  underneath  the  rail  ends,  etc.,  but  all  this  is 
necessarily  slow  and  expensive  work.  Worst  of  all,  it  affords  only  tem- 
porary relief,  for  the  very  bump  by  which  the  joint  first  notified  the 
world  at  large  of  its  vitality,  has  flattened  the  ends  of  the  rails  so  that 
the  track  is  never  again  perfectly  smooth  at  that  point.  This  rough- 
ness soon  starts  the  hammering  action  of  the  wheels  and  in  a  short 
time  the  joints  again  assert  their  presence.  The  Science  of  Invention 
has  not  been  laggard  in  this  problem,  for  the  records  of  the  Patent 
Office  will  show  that  not  even  the  flying-machine  or  streetcar  fender 
has  been  a  more  popular  subject  than  the  invention  of  perfect  joints. 

Exactly  who  was  the  first  man  bold  enough  to  suggest  having  no 
joints  at  all  is  hard  to  say,  but  it  is  pretty  certain  that  the  first  ex- 
perimenting in  this  line  was  done  by  Mr.  Philip  Noonan,  a  railroad 
engineer  of  Lynchburg,  Va.,  who  several  years  ago  built  about  three 
miles  of  steam-railroad  track  leaving  no  openings  between  the  rails  and 
fastening  the  joints  with  hot-riveted  plates.  This  track  was  in  actual 
use  for  several  years  and  was  the  first  demonstration  of  the  continuous 
rail.  Early  in  1892,  the  Johnson  Company,  of  Johnstown,  Pa.,  under 
the  leadership  of  its  president,  Mr.  A.  J.  Moxham,  began  experimenting 
with  the  continuous  rail.  One  rail  of  a  section  of  track  1,160  feet  long, 
was  joined  by  heavy  bars  and  machine  fitted  bolts  so  that  there  was  no 
possibility  of  movement.  Carefully  fitted  wedges  were  driven  into  the 
spaces  between  the  ends  of  the  rails,  and  every  precaution  taken  to  have 
the  joint  absolutely  immovable.  The  other  rail  of  the  same  track  was 
laid  in  the  ordinary  manner  with  fish-plates  and  openings  between  the 
rails,  so  that  any  deviation  of  the  continuous  rail  from  a  straight  line 
would  be  noticed  in  the  change  of  gauge.  The  rail  used  was  the  John- 
son 6-inch,  78-pound  girder,  and  the  track  was  in  actual  use  during  the 
time  of  experimenting.  At  five  points  along  the  line,  stakes  were  set 
opposite  marks  on  the  rails  so  that  any  change  in  the  length  of  rail 
would  at  once  be  noticeable.  Three  times  during  the  day  and  three 
times  during  the  night,  from  March  to  September  of  1892,  temperature 
readings  were  taken  of  the  following :  air  in  the  shade ;  road-bed  at  a 
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depth,  of  seven  inches  ;  road-bed  at  a  depth  often  inches ;  head  of  girder- 
rail  and  base  of  girder  rail.  Observations  were  also  made  at  regular 
intervals  of  the  position  of  the  marks  on  the  rails  with  reference  to  the 
stakes.  Briefly  summing  up  the  result  of  the  experiment,  we  may  say 
that  the  temperature  of  the  rail  followed  very  closely  the  temperature 
of  the  air,  being  slightly  colder  than  the  air  during  the  day  and  slightly 
warmer  during  the  night.  The  road-bed,  being  a  poorer  conductor  of 
heat  than  the  rail,  was  less  affected  by  the  changes  of  temperature  of 
the  air.  During  the  period  of  experiment,  the  air  temperature  varied 
from  10  to  89  degrees,  and  absolutely  no  movement  could  be  detected 
in  the  rails,  either  longitudinally  or  laterally.  This  experiment  satis- 
fied the  Johnson  Company  that  the  continuous  rail  was  practicable ;  and 
having  proved  its  feasibility  they  at  once  set  about  finding  the  best 
method  of  uniting  the  rail  ends.  This  was  the  first  thorough  and  scien- 
tific experimenting  done  in  connection  with  continuous  rails ;  and, 
whether  or  not  the  particular  method  of  connecting  the  rail  ends  advo- 
cated by  the  Johnson  Company  is  the  best  one,  all  honor  is  due  the  offi- 
cers of  this  company  for  the  contribution  they  have  made  to  the 
knowledge  on  the  subject  and  the  unselfish  manner  in  which  they  have 
disseminated  it. 

ELECTRIC  WELDING. 

The  method  adopted  by  this  company  for  connecting  the  rail  ends 
was  that  of  welding  them  electrically.  A  machine  for  this  purpose  was 
built  by  the  Thomson  Welding  Company,  and  in  the  spring  and  summer 
of  1893  about  three  miles  in  Johnstown  and  about  eight  miles  of  track 
in  Boston  were  electrically  welded.  During  the  winter  of  1893-94  about 
six  per  cent,  of  these  joints  broke.  Having  remedied  some  apparent 
defects  in  the  method,  the  Johnson  Company  in  the  spring  of  1894  sent 
their  machine  to  St.  Louis,  where  six  and  a  half  miles  of  track  were 
electrically  welded.  From  St.  Louis  the  machine  was  sent  to  Cleveland, 
where  about  five  miles  were  welded,  and  then  to  Brooklyn,  where  thirty- 
two  miles  of  track  were  joined  together  by  this  method. 

The  first  track  electrically  welded,  that  in  Johnstown  and  Boston, 
was  not  welded  directly  at  the  joint,  but  the  rail  ends  were  joined  on 
each  side  by  means  of  a  span  which  was  welded  to  the  web  of  the  rail 
about  four  inches  back  of  the  end.  The  breaks  did  not  occur  at  the 
joint  or  in  the  span,  but  the  rail  itself  broke  where  the  span  had  been 
welded  on.  This  was  supposed  to  be  due  to  the  fact  that  when  the  rail 
at  this  point  cooled  after  the  welding  process,  internal  strains  were  pro- 
duced which  seriously  impaired  the  tensile  strength  of  the  rail  at  this 
point.  A  new  form  of  joint  was  devised  by  means  of  which  an  actual 
butt  weld  is  made  at  the  joint,  and  this  is  the  method  which  has  been 
applied  in  St.  Louis. 
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The  Baden  Division  of  the  St.  Louis  Railroad  Co.,  where  the  elec- 
tric welding  in  this  city  was  done,  consists  of  three  and  one-quarter 
miles  of  double  track  and  extends  from  the  northern  end  of  the  Broad- 
way cable  to  the  vine-clad  hills  of  Baden,  in  the  extreme  northern  part 
of  the  city.  The  track  throughout  is  laid  in  a  macadam  street,  no  paving 
being  used  either  inside  or  outside  the  rail. 

Trolley  Wire. 


Ground. 

Fig.  1. — Diagram  of  Welding  Circuit. 


A  Automatic  Circuit  Breaker. 
B  Switch. 
C  Ammeter. 
DD  Brushes. 
E  Commutator. 


FF  Collector  Rings. 
G  Break  Switch. 
H  Reaction  Coil. 
/  Welding  Machine. 
KK  Lugs  for  Welding. 


A  brief  description  of  the  welding  apparatus  will  be  given.  This 
is  mounted  on  a  car  having  its  own  motors  and  controlling  apparatus, 
so  that  it  may  move  along  the  track  by  means  of  the  trolley  current. 
For  the  welding,  the  current  passes  through  an  automatic  circuit 
breaker,  switch,  ammeter  and  starting  rheostat  to  a  rotary  transformer 
which  converts  from  500  volt  continuous  to  alternating  current.  The 
transformer  is  an  ordinary  four-pole,  General  Electric,  100  kilowatt- 
dynamo.  To  obtain  the  alternating  current  four  leads  from  the  wind- 
ings are  taken  off  at  equal  distances  around  the  armature  and  led  to  the 
two  collector  rings  on  the  armature  shaft.  The  speed  of  the  transformer 
is  about  1,100  revolutions  per  minute,  so  that  the  periodicity  of  the 
alternating  current  is  about  4,400  per  minute.  The  alternating  current 
from  the  collector  rings  passes  through  a  reaction  coil  with  a  movable 
iron  core  to  the  welding  machine.  This  is  on  the  end  of  the  car  and  is 
hung  on  a  crane  so  that  it  may  be  set  over  either  rail.  It  works  on  the 
principle  of  the  well-known  Thomson  welders,  and  is  simply  an  alter- 
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nating  current  transformer  on  a  large  scale,  in  which  the  rail  joint  com- 
pletes the  secondary  circuit.  The  insulation  of  the  coils  is  paraffine  oil 
aud  the  secondary  consists  of  an  enormous  bundle  of  sheet  copper  strips. 
These  strips  lead  to  two  contact  plates  between  which  the  welding  is 
done.  The  distance  between  the  plates  is  controlled  by  a  toggle  joint 
operated  by  a  screw,  so  arranged  that  by  a  slight  turn  of  the  screw  a 
great  pressure  may  be  brought  to  bear  on  the  weld.  In  addition  to  this 
circuit,  the  welding  car  contains  a  motor  for  driving  the  crane  and  an- 
other which  operates  a  pump  for  circulating  water  in  the  welding 
machine.  The  car  is  very  heavy,  weighing  about  thirty  tons  when 
equipped  for  work.  The  outfit  also  includes  a  small  car  which  carries 
two  motors  operating  emery  wheels  for  polishing  the  joints,  preparatory 
to  welding. 


Ftg.  2.— Lugs  Welded  to  the  Rails. 
Nos.  1  and  2  welded  at  first  heat.  Nos.  3  and  4  welded  at  second  heat. 

The  connection  between  the  rail  ends  is  made  by  lugs  welded  to 
the  web  of  the  rail.  It  is  intended  that  enough  jolastic  steel  shall  enter 
the  joint  to  make  a  butt-weld,  and  that  additional  security  is  afforded 
by  the  lugs  welded  to  the  web.  There  are  four  lugs  used  at  each  joint 
and  two  welds  are  necessary,  the  bottom  two  being  welded  in  one  opera- 
tion and  the  upper  two  in  the  next.  During  the  welding  operation, 
which  lasts  from  one  to  two  minutes,  the  direct  current  transformer 
takes  from  the  line  about  250  amperes  at  500  volts.  This  is  transformed 
down  in  the  secondary  of  the  welding  machine  to  about  four  volts. 
The  current  which  passes  through  the  lugs  on  the  rails  is  consecpuently 
20,000  to  30,000  amperes. 

The  operation  of  welding  is  as  follows :  The  ends  of  the  rails  are 
butted  together  by  driving  a  wedge  in  the  joint  ahead,  and  the  welding 
car  is  run  over  the  joint  to  be  welded,  the  welding  taking  place  in  the 
rear  of  the  car,  so  that  it  is  never  necessary  to  run  over  a  hot  joint. 
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The  webs  of  the  rails  are  polished  with  emery  wheels  for  about  two 
inches  to  each  side  of  their  ends.  The  joint  is  clamped  by  means  of  a 
gun-metal  casting,  which  holds  the  rails  in  proper  position  while  the 
weld  is  being  made,  and  the  bottom  lugs  are  then  placed  in  position  and 


Fig.  3. 


the  contact  clamps  screwed  down  upon  them.  The  circuit  through  the 
secondary  winding  of  the  welder  being  thus  completed  through  the  lugs, 
the  switch  of  the  welding  machine  is  closed  and  the  iron  core  of  the 
reaction    coil   slowly    raised.     Almost    instantly  a   dark,  ruddy  color 
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appears  in  the  lugs  which  gradually  brightens  until  the  welding  heat  is 
reached.  A  quick  turn  of  the  screw  which  operates  the  toggle-joint 
brings  the  lugs  firmly  up  against  the  rail  and  forces  the  plastic  steel  into 
the  joint  between  the  ends  of  the  rails.     The  upper  lugs  are  quickly 
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Fig.  4. 


inserted,  the  contacts  screwed  down  upon  them  and  the  welding  per- 
formed in  the  same  manner  as  in  the  case  of  the  lower  ones.  A.  piece 
of  carbon  which  has  been  placed  on  top  of  the  rail  before  this  opera- 
tion, keeps  this  surface  smooth  and  at  the  same  time  carbonizes  and 


148  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

hardens  the  rail  at  this  point.  As  has  been  stated,  from  one  to  two 
minutes  are  consumed  in  making  each  weld,  but  the  greater  portion  of 
the  time  is  taken  up  in  preparing  the  joints,  moving  the  machine  and 
setting  up  the  welder.  While  in  St.  Louis,  the  machine  completed 
thirty  to  fifty  joints  per  day  of  ten  hours. 

Since  this  work  has  been  done,  the  Johnson  Company  has  built  two 
more  welding  machines  in  which  some  improvements  have  been  made. 
Instead  of  placing  both  the  rotary  transformer  and  the  welding  machine 
in  one  car,  they  are  now  put  in  separate  cars  connected  electrically  by 
cables.  This  makes  the  machine  easier  to  handle,  and  distributes  the 
weight  over  a  greater  distance  on  the  track.  A  hydraulic  jack  has  also 
been  substituted  for  the  toggle-joint  used  in  forcing  the  lugs  against  the 
rails.  The  electric  welding  done  by  the  Johnson  Company  in  Brooklyn, 
after  leaving  St.  Louis,  was  on  nine-inch  rail  laid  in  paved  streets.  The 
track-work  was  entirely  completed  and  paved  up  before  any  welding 
was  done.  When  the  machine  arrived,  the  paving  was  taken  up  where 
necessary  and  the  joints  welded,  leaving  every  third  joint  open.  This 
was  done  in  order  to  allow  the  rails  to  expand  under  the  heat  produced 
in  welding.  At  night  the  welder  was  taken  over  the  same  track  and 
this  third  joint  welded. 

CAST    WELDING. 

As  soon  as  the  fact  was  demonstrated  that  a  continuous  rail  buried 
in  the  ground  was  a  possibility,  other  methods  besides  the  electric  weld- 
ing of  the  joints  were  proposed.  The  particular  one  which  will  be 
described  here  is  what  is  known  as  the  "  cast-welding  "  process,  and  is 
being  exploited  by  the  Falk  Manufacturing  Co.,  of  Milwaukee.  This, 
to  briefly  describe  it,  consists  of  clasping  the  ends  of  the  rails  for  about 
eight  inches  on  each  side  of  the  joint  by  means  of  a  mold,  and  then 
pouring  the  mold  full  of  molten  iron.  The  iron  solidifies  on  the  rails 
around  the  joints  and  makes  a  partial  union  with  it. 

In  order  to  compare  the  two  methods,  the  St.  Louis  Railroad  Co,, 
in  the  fall  of  1894,  had  three  miles  of  track  in  the  southern  part  of  the 
city  connected  by  the  cast-welded  process.  As  the  furnace  was  not 
ready  at  the  time  the  rails  were  laid,  the  track-work  was  finished  and 
the  trench  filled  in,  leaving  the  joints  temporarily  connected  by  fish- 
plates. Some  three  months  later,  when  the  furnace  arrived,  the 
macadam  around  the  joints  was  dug  up,  the  fish-plates  removed  and  the 
rails  united  by  means  of  the  cast-joint.  The  track  was  laid  in  July  and 
August  and  the  rails  were  welded  in  October  and  November.  No  cars 
were  operated  over  this  track  during  the  winter  of  1894-95,  but  at 
present  the  cars  of  the  Southwestern  Railway  are  running  regularly 
over  this  route. 
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On  account  of  the  excellent  record  made  by  this  track  during  last 
winter,  the  officers  of  the  Citizens'  Railway  Co.  of  this  city  decided, 
in  relaying  the  old  cable  track,  to  use  the  cast-welded  joint.  As  many 
new  problems  in  street  railway  track  construction  have  arisen  during 
the  progress  of  this  work,  a  brief  description  of  some  of  the  methods 
employed  may  not  prove  uninteresting. 

The  Citizens'  Railway,  as  all  of  you  are  aware,  was  built  as  a  cable 
road  nine  years  ago.  The  original  cable  track  consisted  of  9 1  miles  of 
single  track,  and  was  laid  with  4-inch,  52-pound  Johnson  girder-rail, 
which  was  the  heaviest  section  rolled  at  that  time.  The  rail  was  sup- 
ported on  cast-iron  yokes,  4  feet  apart,  and  imbedded  in  concrete.  Last 
fall  it  was  decided  to  operate  the  road  by  electricity,  and  on  the  1st  of 
January  the  cable  power-house  was  shut  down  and  the  electric  cars 
started.  The  rail  adopted  for  the  new  track  was  7-inch,  85-pound  John- 
son girder,  to  be  delivered  in  lengths  of  60  feet.  Two  special  trussed 
wagons  with  wheel-bases  of  45  feet  were  designed  and  built  for  the  haul- 
ing of  these  rails.  The  curves  were  made  of  6  inch,  97-pound  girder 
rail,  and  all  curves  of  less  than  400  feet  radius  were  designed  with  a 
spiral  easement  on  each  end,  and  were  double  guarded.  Curves  of  400 
to  1,200  feet  radius  have  a  guard  rail  on  the  inside  only,  while  those  of 
still  greater  radius  are  sprung  from  the  straight  rails.  As  the  new  rail 
was  three  inches  deeper  than  the  old,  it  was  impossible  to  lay  it  on  the 
old  yokes  even  if  it  had  been  advisable  to  do  so.  The  ties  are  laid  two 
feet  between  centers,  and  in  order  to  make  room  for  them  and  the  7-inch 
rail,  it  was  necessary  to  take  out  about  twelve  inches  of  the  solid  concrete 
in  which  the  yokes  were  imbedded,  as  well  as  to  break  off  the  yokes  at 
this  point.  How  to  do  this  in  the  quickest  and  most  economical  manner 
possible  was  a  problem.  As  it  was  necessary  to  abandon  a  portion  of 
the  road  during  construction,  and  as  this  line  has  a  large  passenger 
travel  to  take  care  of,  speed  in  reconstruction  was  of  the  utmost  impor- 
tance. After  quite  a  little  experimenting,  the  plan  of  blasting  out  the 
concrete  with  dynamite  was  adopted.  Two  holes  are  drilled  between 
each  pair  of  yokes  on  each  side  of  the  track  by  means  of  a  portable 
steam  drill.  An  Ingersoll-Sergeant  drill  is  used,  and  the  steam  is  ob- 
tained from  a  6-horse-power  boiler  placed  in  a  car  on  the  old  track. 
Connection  is  made  from  the  boiler  to  the  drill  by  means  of  a  steam 
hose.  The  holes  are  drilled  as  nearly  as  possible  directly  over  the  cen- 
ter of  the  block  of  concrete  and  are  seven  inches  deep.  The  drill  is 
operated  from  5  a.m.  to  9  p.m.,  by  two  shifts  of  men.  The  number  of 
holes  drilled  per  day  varies  from  300  to  700,  according  to  the  nature 
of  the  concrete.  Each  hole  is  loaded  with  one  tenth  pound  of  40° 
-.Etna  dynamite.  Common  sand  is  used  for  tamping,  and  from  eight 
to  twelve  holes  are  fired  at  once  by  means  of  a  magneto.     In  order  to 


150 


ASSOCIATION  OF  ENGINEERING  SOCIETIES. 


prevent  all  danger  from  flying  particles,  an  old  car  especially  prepared 
for  this  purpose  is  placed  over  the  holes  before  shooting.  This  car  has 
been  strongly  braced  and  floored  with  ties,  and  is  provided  with  heavy 
sideboards  which  are  lowered  before  firing,  thus  forming  a  completely 
closed  space  over  the  charge.  Blasting  with  this  outfit  has  been  done 
in  the  narrowest  streets  in  the  heart  of  the  city,  and  up  to  this  date  no 
accident  of  any  kind  has  occurred.  Considerable  experimenting  was 
done  in  order  to  find  out  how  deep  to  drill  the  holes  and  how  much 
dynamite  to  use.  The  quantity  adopted  will  just  shatter  the  top  of  the 
concrete  so  that  it  may  be  picked  out  in  large  pieces,  leaving  the  con- 


Fig.  5. 


crete  unbroken  twelve  inches  below  the  surface,  thus  affording  a  solid 
and  substantial  foundation  for  the  ties.  The  bottom  of  the  conduit  is 
filled  with  fine,  broken  concrete,  washed  in  and  thoroughly  rammed 
before  the  ties  are  laid  in  the  trench.  Having  prepared  the  road-bed  in 
this  manner,  there  remains  beneath  the  ties  a  solid  block  of  unbroken 
concrete  of  the  width  of  the  track  and  over  two  feet  in  thickness. 

After  excavating  the  trench  the  track  is  laid,  joined  together  tem- 
porarily by  fish-plates,  tamped,  lined,  surfaced  and  completely  fin- 
ished  in   every   particular  before  the  joints  are  cast.     The  apparatus 
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for  casting  the  joints  consists  of  a  cupola  furnace  mounted  on  a  heavy 
truck.  The  cupola  is  two  feet  in  diameter,  brick  lined,  and  the 
blast  is  furnished  by  a  No.  5  Sturtevant  blower,  driven  at  1,800  revo- 
lutions per  minute,  by  a  5-horsepower  motor,  which  receives  its  cur- 
rent from  the  trolley.  The  cupola  is  operated  as  is  usual  in  a  foundry; 
and  the  iron  used  is  one-half  best  soft  gray  pig  and  one-half  selected 
scrap.  The  scrap  consists  of  old  gear  wheels,  man-hole  covers  and 
frames,  an  abundance  of  which  are  found  in  the  scrap  heap  of  the 
railway.  The  furnace  works  very  rapidly,  and  in  twenty  minutes 
after  the  blast  is  turned  on  the  iron  is  ready  to  pour.  It  may  then  be 
tapped  as  long  as  the  charging  is  continued  at  the  top.     As  the  machine 


Fig.  6. 

has  been  operated  on  the  Citizens'  Railway  about  1,200  feet  of  the  track 
has  been  prepared,  and  all  the  joints  molded  in  one  heat.  As  many  as 
72  joints  have  been  poured  at  one  melting,  and  it  is  probable  that  90 
or  100  could  be  made  before  shutting  down  the  furnace  to  renew  the 
lining. 

The  preparation  of  the  joint  for  casting  is  as  follows :  The  fish- 
plates are  first  taken  off"  and  the  rail-ends  for  about  eight  inches  back 
polished  with  garnet  paper.  If  there  is  any  opening  between  the  rails 
it  is  closed  by  shims.  The  molds,  consisting  of  two  castings  made  to  fit 
the  rail,  are  then  placed   about  the  joint  and  clamped  in  position.     A 
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heavy  clamp  is  placed  on  top  of  the  rail  and  screwed  up  as  tightly  as 
possible,  to  hold  the  joint  immovable  while  being  poured.  This  clamp 
is  left  on  the  rail  until  the  casting  has  cooled.  Preparatory  to  the  pour- 
ing, the  molds  are  lined  with  a  mixture  of  linseed  oil  and  plumbago 
and  heated  to  drive  out  any  moisture  in  them  or  on  the  rail.  The  pour- 
ing operation  is  very  simple.  The  melted  iron  is  run  from  the  cupola 
into  a  ladle  and  then  slowly  poured  into  the  mold.  This  final  opera- 
tion is  very  quickly  performed,  as  it  usually  takes  only  about  three 
hours  to  pour  forty  joints.  The  casting  weighs  137  pounds  and  extends 
back  on  the  rail  seven  inches,  taking  in  two  of  the  bolt  holes  in  the  ends 
of  the  rails.     In  this  way  four  bolts  are  cast  through  the  rail.     It  is 


Fig. 


undoubtedly  the  case  that  a  sort  of  welding  action  takes  place  between 
the  iron  and  the  steel  rail,  as  on  examination  of  a  joint  sawed  in  two  it 
will  be  difficult  to  tell  the  exact  junction  of  the  iron  and  steel. 


RESULTS    OF    EXPERIMENTS. 

Having  described  the  modes  of  applying  these  two  processes,  let  us 
see  what  they  have  done  in  actual  operation.  The  Baden  Road,  con- 
structed in  the  spring  of  1894,  which  had  its  rail- ends  connected  by  the 
electric  method,  had  in  all  2,203  joints,  and  of  these  72,  or  3.27  per  cent., 
have  broken.  Thirty-seven  broke  during  the  cold  weather  of  the  first 
part  of  the  winter,  and  these  were  repaired  by  the  cast-welding  method. 
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During  a  later  cold  snap  thirty-five  more  were  broken.  These  have 
not  yet  been  repaired.  During  the  heat  of  the  summer  no  trouble  what- 
ever was  experienced  with  alignment  of  the  track.  From  the  Weather 
Bureau  reports  the  average  temperature,  while  the  construction  was  in 
progress,  was  63  degrees,  ranging  from  14  degrees  as  a  minimum  to  99 
degrees  as  a  maximum.  During  the  last  winter  the  lowest  temperature 
was  12  degrees  below  zero  and  the  hottest  clay  in  the  summer  was  100 
degrees,  making  the  range  of  temperature  through  which  the  track  has 
passed  112  degrees,  or  a  maximum  deviation  from  the  average  welding 
temperature  of  75  degrees.  Several  of  the  joints  on  breaking  opened 
nearly  two  inches,  but  in  many  the  opening  was  so  small  as  barely  to  be 
perceptible,  the  average  opening  being  about  one-quarter  of  an  inch. 
During  the  warm  weather  of  this  summer  the  openings  were  diminished 
slightly,  but  the  joints  have  never  completely  closed.  Every  joint 
which  has  broken  has  shown  itself  to  be  an  imperfect  weld.  There  has 
never  yet  been  an  instance  of  a  good  weld  breaking.  In  all  cases,  the 
rail-ends  have  simply  pulled  apart,  the  lugs  sticking  to  that  rail  which 
held  them  tightest.  In  a  few  instances  small  pieces  of  rail  pulled  off 
with  the  lugs,  but  in  no  cases  have  the  rails  themselves  broken  and  we 
have  never  had  a  joint  to  break  which  looked  as  if  it  had  ever  been 
really  welded.  There  are  several  reasons  for  this.  On  account  of  the 
great  distance  from  the  power-house,  the  voltage  was  necessarily  low 
while  the  weld  was  being  made.  The  work  at  that  time  was  new  and 
not  very  well  understood,  and  the  workmen  who  had  the  machine  in 
charge  were  often  careless  and  hurried.  The  result  of  this  experiment 
is  far  from  being  discouraging,  and  the  officers  of  the  railroad  company 
are  satisfied  that  with  the  additional  knowledge  we  now  possess,  and 
with  the  improvements  which  have  been  made  in  the  welding  machine, 
by  which  a  fairly  constant  voltage  is  maintained  while  the  welding  is  in 
progress,  that  it  is  possible  to  construct  a  track  by  this  method  with  an 
insignificant  trouble  from  breakage. 

In  regard  to  experiments  elsewhere,  Mr.  C  W.  Wason,  Electrical 
Engineer  of  the  Cleveland  Electric  Railway  Company,  has  been  kind 
enough  to  furnish  information  as  to  the  results  obtained  in  Cleveland. 
During  the  summer  of  1894,  3,400  joints  were  made  electrically,  two- 
thirds  of  which  were  on  56-pound  rail  and  the  remainder  on  90-pound 
rail.  Of  this  number,  the  total  breakage  during  last  winter  was  six, 
four  of  them  being  on  56-pound  rail  and  the  remainder  on  90-pound 
rail.  The  percentage  of  breakage  was  0.18  per  cent,  which  is  a  much 
better  record  than  that  made  in  St.  Louis.  All  the  joints  which  broke 
showed  themselves  to  be  imperfectly  welded.  Mr.  Wason  expresses 
himself  as  highly  in  favor  of  the  electric  method  of  welding,  and  states 
that  the  breaks  and  rough  joints  on  his  track  were  due  to  carelessness 
on  the  part  of  the  workmen  operating  the  machine. 
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The  cast- welded  track  of  the  Southwestern  Railway  on  Chippewa 
Street  was  welded  during  the  months  of  October  aud  November  of  the 
same  year.  The  average  temperature  while  this  work  was  in  progress 
was  51  degrees,  with  a  maximum  of  84  degrees  and  a  minimum  of  18 
degrees.  There  were  744  joints  in  all,  and  during  the  winter  only  three, 
or  0.43  per  cent.,  broke.  As  stated  in  the  case  of  electric-welded  track, 
no  deviation  whatever  has  been  perceived  in  the  alignment.  Since 
this  track  was  laid,  the  temperature  has  ranged  from  100  degrees  as  a 
maximum  to  12  degrees  below  zero  as  a  minimum,  a  range  of  112 
degrees  aud  a  maximum  deviation  of  63  degrees  from  the  welding  tem- 
perature. 

The  Falk  Manufacturing  Company,  who  are  making  the  cast  joint, 
have  this  summer  operated  in  Chicago,  St.  Paul,  Minneapolis  and 
Newark,  besides  the  work  done  in  St.  Louis.  In  Chicago,  for  the 
Chicago  City  Railway,  11,903  joints  were  made  on  4|-  and  7-inch  rail, 
and  for  the  West  Chicago  Street  Railway  Company,  8,867  joints  were 
made.  In  St.  Paul,  Minneapolis  and  Newark,  work  has  recently  begun, 
and  up  to  the  present  time  about  2,000  joints  have  been  made  in  each 
place.  The  results  so  far  have  been  very  satisfactory  both  to  the  rail- 
road companies  and  to  the  contractors. 

It  seems  difficult  to  those  accustomed  to  steam-railroad  tracks  to 
reconcile  themselves  to  the  use  of  a  continuous  rail.  They  instinc- 
tively call  to  mind  certain  experiences  they  have  had  with  rails  creeping 
and  getting  out  of  place  on  account  of  temperature  variations.  It 
must  be  remembered,  however,  that  street  railway  tracks  differ  in  one 
very  important  particular  from  those  of  the  steam  railways,  that  is  in 
having  a  road-bed  firmly  packed  about  the  rail.  The  perimeter  of  a 
7-inch  rail  is  29  inches,  of  which  only  65,  or  22.4  per  cent.,  is  exposed 
to  the  air,  while  the  remaining  67.6  per  cent,  is  covered  up  and  firmly 
gripped  by  the  road-bed.  No  one  can  understand  how  firm  this  grip  is, 
who  has  not  seen  a  rail  which  has  lain  in  a  macadam  street  several 
years  taken  up,  when  the  whole  buried  surface  of  the  rail  is  found  to  be 
covered  with  a  hard  cement  composed  of  stones  aud  mud,  requiring  con- 
siderable work  with  a  pick  to  remove.  There  is  a  great  tendency  on  the 
part  of  the  rail  to  change  its  length  with  the  temperature  variations, 
but  there  is  also  the  ability  of  the  road-bed  to  hold  it  in  place. 

CALCULATION   OF   STRAINS. 

The  strain  on  rails  due  to  the  variations  of  temperature,  may  be 
estimated  as  follows.  Assuming  a  coefficient  of  expansion  for  steel 
of  0.0000065,  and  multiplying  this  by  75,  which  is  a  liberal  figure  for 
the  number  of  degrees  of  maximum  deviation  from  the  welding  tempera- 
ture, we  get  0.000487,  which  is  that  part  of  its  length  which  a  rail 


THE  CONTINUOUS  RAIL  IN  STREET  RAILWAY  PRACTICE.     155 

would  expand,  due  to  a  rise  of  75  degrees,  or  contract,  due  to  a  fall  of 
75  degrees  in  temperature.  A  steel  bar  will  expand  0.00003  of  its  length, 
due  to  a  load  of  1,000  pounds  per  square  inch.  Dividing  the  estimated 
expansion  by  this  figure,  we  get  for  the  strain,  16,200  pounds  per 
square  inch.  As  the  rail  is  8£  inches  in  cross-section,  the  total  pull,  due 
to  a  fall  of  75  degrees  in  temperature,  is  137,700  pounds. 

As  40,000  pounds  per  square  inch  is  a  safe  value  for  the  elastic 
limit  of  steel,  it  can  readily  be  seen  that,  in  this  climate  at  least,  the 
elastic  limit  will  never  be  reached  ;  and  this  means  that  these  expansions 
and  contractions  may  go  on  indefinitely,  and  as  long  as  the  joints  remain 
unbroken,  no  harm  will  be  done  to  the  rail,  for  it  is  a  well-proven  fact 
that  stresses  within  the  elastic  limit  work  no  harm. 

Assuming  80,000  pounds  per  square  inch  as  the  ultimate  strength 
of  steel,  we  see  that,  so  far  as  the  strength  of  the  rails  themselves  is 
concerned,  we  have  a  factor  of  safety  of  five. 

An  interesting  calculation  may  be  made,  showing  the  friction  with 
which  the  rail  is  held  by  the  road-bed.  Taking  the  figures  for  the  con- 
traction of  the  rail  due  to  a  fall  of  75  degrees  in  temperature,  each 
rail  of  the  Baden  track  should  have  contracted  8  feet  6  inches.  As  a 
matter  of  fact,  when  the  joints  broke,  the  openings  in  none  of  these 
exceeded  2  inches,  and  the  combined  openings  of  one  rail  the  length  of 
the  road  did  not  exceed  6  inches.  This  would  seem  to  show  that  the 
pull  which  broke  the  joint  wras  not  a  transmitted,  cumulative  effort, 
extending  all  along  the  line,  but  was  more  the  result  of  a  local  strain, 
not  extending  for  a  great  distance  on  either  side  of  the  joint.  Reason- 
ing from  the  same  data,  it  would  appear  that  the  strain  at  other  points 
along  the  track  has  not  been  relieved,  and  that  the  joints  at  these  other 
places  have  shown  themselves  strong  enough  to  endure  the  pull. 

The  strength  of  the  cast-iron  joint  may  be  shown  to  be  fully  equal 
to  the  strength  of  the  rail.  The  area  of  its  cross-section  at  the  joint  is 
61.6  square  inches.  In  order  to  make  a  perfectly  safe  estimate,  let  us 
assume  that  its  cross-section  is  reduced  25  per  cent.,  or  to  45  square 
inches  by  blow-holes  and  imperfections.  Taking  for  the  tensile  strength 
of  cast-iron  18,000  pounds  per  square  inch,  we  have  as  the  ultimate 
strength  of  the  joint  810,000  pounds,  which  is  largely  in  excess  of  the 
strength  of  the  rail. 

COMPARISON    OF   METHODS. 

The  two  methods  just  described  are  the  only  processes  of  actually 
welding  rails  yet  put  into  operation.  The  electric  welding  is  scientifi- 
cally a  beautiful  process,  and  when  skillfully  done,  we  have  no  hesita- 
tion in  saying  that  the  joint  is  stronger  than  the  rail  itself.  It  has  the 
disadvantage,  however,  of  requiring  considerable  care  and  intelligence 
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to  operate  it,  qualifications  which  are  sometimes  difficult  to  find  in  work- 
men. It  is  also  impossible  to  tell,  simply  by  looking  at  a  joint,  whether 
or  not  it  is  really  welded.  On  ordinary  railway  circuits  when  the  volt- 
age fluctuates  continually,  it  is  difficult  to  operate  the  process  success- 
fully. This,  however,  it  is  proposed  to  remedy  by  using  a  storage  bat- 
tery, which  takes  current  from  the  line  when  the  welding  machine  is 
idle,  but  which  is  thrown  into  parallel  with  the  line,  and  assists  in  main- 
taining the  voltage  while  the  welding  is  in  progress.  The  welding 
machine,  with  its  accessories,  is  exceedingly  heavy  and  cumbersome, 
and  difficult  to  move  from  place  to  place  where  track  is  not  already 
laid.  The  great  expense  of  an  outfit  prohibits  almost  any  railroad 
company  owning  one,  and  this  complicates  the  question  of  repairs,  for, 
if  the  machine  is  gone  and  some  of  the  joints  break,  how  are  they  to  be 
repaired  ? 

Without  wishing  to  make  any  invidious  comparisons,  it  would  be 
well  to  call  attention  to  some  of  the  advantages  which  the  cast-welding 
process  possesses.  The  first  is  the  relative  simplicity  and  cheapness  of 
the  apparatus  employed,  and  the  ease  with  which  men  may  be  procured 
who  are  used  to  this  kind  of  work  and  capable  of  doing  it  well.  The 
machine  is  not  very  heavy,  it  does  not  run  on  the  track  and  can  be 
transported  easily  and  quickly  from  place  to  place.  While  as  yet  no 
difficulties  have  developed,  the  weak  points  of  the  jDrocess  would 
seem  to  be :  first,  that  the  joint  is  a  casting,  subject  to  blowholes, 
chilling,  imperfections  and  all  the  ills  of  a  casting,  any  one  of  which 
might  greatly  impair  its  tensile  strength  ;  and  second,  the  fact  that  the 
steel-rail  and  the  cast-iron  joint  possess  different  coefficients  of  expan- 
sion, and  that,  under  variations  in  temperature,  internal  strains  might 
arise  in  the  joint  itself,  which  might  finally  result  in  its  rupture.  As 
has  already  been  stated,  however,  no  troubles  of  this  kind  have  as  yet 
developed,  and  these  are  merely  considerations  which  suggest  themselves 
in  the  examination  of  the  process. 

The  cost  of  either  of  these  methods  is  not  greatly  in  excess  of  the 
old  fish-plate  method,  but  even  if  it  was,  the  advantages  gained  by  the 
abolition  of  joints  would  be  of  such  value  that  no  progressive  railroad 
man  would  hesitate  on  that  account.  If  either  method  will  remedy  for 
all  time  trouble  with  joints,  the  cost  of  repairs  to  the  track,  after  being 
down  a  few  years  if  laid  with  fish-plates,  would  soon  pay  the  extra  first 
cost,  without  considering  the  prolonged  life  of  the  rolling  stock  and  the 
prestige  given  to  the  road  on  account  of  its  smooth  riding  track.  If 
joints  are  abolished,  the  life  of  a  track,  instead  of  being  limited  by  the 
life  of  the  joints,  will  be  the  life  of  the  rail  itself,  and  this  will  far  out- 
weigh any  considerations  as  to  the  cost  of  making  the  joints. 

An  additional  advantage  which  should  be  mentioned  is  that  any 
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form  of  welding  obviates  the  necessity  of  bonding  the  joints  of  electric 
roads.  Tests  which  have  been  made  on  welded  joints  show  that  the 
electric  conductivity  of  the  joint  is  as  great  as  that  of  the  rail  itself. 
Assuming  the  conductivity  of  steel  to  be  one-seventh  that  of  copper,  an 
85-pound  steel  rail  would  have  a  carrying  capacity  equal  to  a  copper  bar 
1.2  square  inches  in  section,  or,  as  feed-wire  is  usually  rated,  of  1,500,000 
circular  mils.  A  double  track,  consisting  of  four  of  these  rails,  would 
thus  have  a  conductivity  equal  to  6,000,000  circular  mils.  This  is 
largely  in  excess  of  the  feeder  section  of  any  one  line  of  railway  in  St. 
Louis.  For  instance,  the  combined  section  of  the  feeders  which  run  to 
the  Citizens'  line,  which  was  calculated  for  60  cars,  allowing  a  drop  of 
50  volts  at  full  load,  is  3,200,000  circular  mils.  To  one  who  is  engaged 
in  the  actual  operation  of  street  railways  this  means  a  great  deal.  Given 
a  track  with  a  conductivity  equal  to  that  just  cited,  it  is  necessary  only 
to  establish  a  low  resistance  connection  between  the  rails  and  the  buss- 
bar  in  the  power-house,  when  all  the  troubles  due  to  a  low  voltage 
along  the  line,  and  all  the  dangers  of  electrolysis  would  be  a  thing  of 
the  past. 

It  is  not  to  be  supposed  that  the  millennium  in  track  construction 
has  already  been  reached,  but  what  has  been  demonstrated  is  this :  first, 
that  the  use  of  a  continuous  rail  for  street  railway  practice  is  feasible ; 
and  second,  that  it  is  possible  to  make  joints  of  sufficient  strength  to 
stand  changes  of  temperature.  Whether  new  difficulties  will  develop 
remains  for  the  future  to  show,  but  let  us  hope  that  those  of  us  who 
have  placed  our  faith  in  rail-welding  will  not  share  the  fate  of  Jules 
Verne's  armor-maker,  who  planned,  mixed,  forged  and  tempered  his 
best,  only  to  see  the  triumph  of  his  skill  shot  to  pieces  by  the  latest  gun 
of  his  hated  rival. 
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A  STUDY  OF  THE   HEATING  AND  VENTILATING 

PEANTS  IN  THE  SUFFOLK  COUNTY  COURT 

HOUSE  AND  THE  MASSACHUSETTS 

STATE  HOUSE,  BOSTON. 


By  Percy  N.  Ken  way,  Member  of  the  Boston  Society  of  Civil  Engineers. 


[Read  before  the  Society,  September  18,  1895.*] 

These  two  buildings  are  so  nearly  alike  as  regards  size,  exposure 
and  conditions  of  use,  that  a  study  of  their  heating  and  ventilating 
equipments  and  some  of  the  results  obtained,  will,  I  hope,  prove  not 
uninteresting. 

But  while  the  buildings  are  so  nearly  similar,  the  heating  plants 
differ  from  each  other  very  radically  and  at  very  many  points,  both  in 
general  design  and  in  detail;  in  fact,  there  is  hardly  a  single  feature 
which  is  common  to  both. 

In  each  case  the  selected  engineer  was  in.  consultation  with  the 
architect  while  the  building  plans  were  being  prepared,  and  his  sugges- 
tions were  followed  wherever  practicable,  though  in  the  case  of  the 
Court  House  some  progress  had  been  made  on  the  foundations  before 
such  consultation,  so  that  the  engineers  were  at  a  disadvantage.  In 
both  buildings  the  uses  to  which  the  different  rooms  were  originally 
assigned  were  in  some  instances  changed,  during  or  after  construction. 

I  will  first  call  your  attention  to  the  ground  plans  of  the  two  build- 
ings which  are  shown  in  outline,  Figs.  1  and  2,  on  the  same  scale, 
and  from  which  you  will  readily  see  that  the  area  covered  by  each 
of  the  buildings  is  somewhat  alike.     The  State  House,  however,  is  actu- 
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Fig.  2. 

ally  the  larger  of  the  two,  careful  computation  giving  the  figures  in 
Table  I. 

Table  I. 


Court  House. 


Cubic  capacity 

Area  covered 

Heating  surface — direct     .    .    . 
Heating  surface— indirect     .    . 

Total  heating  surface 

Cost  of  building $2,700,000 

Cost  of  apparatus I      $122,000 


5,500,000  cubic  feet, 
65,300  square  feet, 
35,800 

67,000  " 

102,800 


State  House 
without  Bulfinch  Portion. 


6,200,000  cubic  feet. 
67,000  square  feet, 
15,000  " 

9,560 
24,560 
$3,000,000 
$112,000* 


*  This  includes  *6,000  for  temporary  apparatus  for  drying  the  building,  and  94,800  for  air 
filters. 

For  the  purpose  of  this  paper  we  will  leave  out  the  Bulfinch  por- 
tion of  the  State  House,  shown  at  the  extreme  left  of  the  plan.  This 
is  the  original  building,  erected  in  1798,  the  proposed  destruction  of 
which  has  recently  brought  out  such  strong  protests  from  many  good 
citizens  of  Boston.  A  steam  heating  plant  was  installed  in  this  building 
in  1867,  and  has  since  been  modified — the  original  fan  for  the  ventilation 
of  the  House  and  Senate  Chamber  being  replaced  by  one  of  more  modern 
type  about  fifteen  years  ago. 

The  Bryant  addition,  on  the  north  side  of  the  Bulfinch  building, 
was  built  in  1855,  and  has  now  been  pulled  down  and  is  being  rebuilt  in 
conformity  with  the  design  of  the  "  Extension."  Mount  Vernon  Street 
runs  under  the  portion  marked  M,  which,  in  consequence,  has  no  base- 
ment or  first  floor. 
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The  wing  at  the  right,  on  the  Court  House  plan,  is  the  Municipal 
Building,  and  contains  the  City  Prison  and  the  Criminal  Court  rooms. 
The  remainder  is  the  County  building,  devoted  to  Court  rooms,  rooms 
for  judges,  lawyers  and  juries,  and  the  Law  Library,  which  occupies 
nearly  the  whole  of  the  front  of  the  building  on  the  third  floor. 

The  heating  and  ventilation  of  the  Court  House  is  accomplished  by 
a  hot-water  apparatus,  operating  without  pressure  except  that  due  to 
the  head  of  water  in  the  system.  The  boilers  are  placed  below  the 
lowest  radiating  surface,  special  excavation  (which  on  account  of  the 
foundations  being  already  in  place,  was  very  costly)  having  been 
made  for  this  purpose.  B  on  the  plan  indicates  the  boiler  room.  The 
water  being  heated  in  the  boilers  to  a  temperature  varying  ac- 
cording to  the  weather,  from  80  to  180  degrees,  flows  through  the 
supply  mains  and  their  many  branches,  rising  till  it  reaches  the  various 
radiators,  in  which  it  is  cooled,  and  then  flows  back  through  the  return 
pipes  into  the  boilers  again — without  the  intervention  of  any  traps,  tanks 
or  pumps — arriving  at  a  temperature  averaging  15  degrees  cooler  than 
when  it  began  its  journey.  The  usual  expansion  tank  is  provided  at  the 
top  of  the  building,  and  the  water  level  in  this  tank  is  maintained 
automatically.  The  air-vents  of  all  the  indirect  radiators  are  connected 
to  two  H-inch  mains,  which  are  run  to  the  top  of  the  building  and  have 
a  free  discharge.  The  direct  radiators  are  provided  with  ordinary  air 
cocks 

The  rooms  are  warmed  partly  by  passing  the  air  supplied  to  them 
through  large  return  bend-coils  of  3-inch  cast-iron  pipe  placed  in  brick 
chambers  at  the  base  of  the  several  flues,  and  partly  by  horizontal 
wrought-iron  tube  radiators  located  in  the  window  recesses. 

Ventilation  is  effected  without  the  use  of  any  moving  machinery. 
The  tunnels  or  corridors  in  the  sub-basement  which  contain  the  large 
hot-water  pipes  serve  also  as  main  fresh-air  ducts  to  those  rooms  which 
can  be  reached  from  them.  The  Court  rooms  have,  as  a  rule,  indepen- 
dent fresh- air  inlets. 

The  air  inlets  to  the  rooms  are,  in  most  cases,  on  the  warm  or  inner 
side,  and  are  placed  at  the  floor.  All  the  Court  rooms,  however,  have 
two  opposite  exposed  sides,  and  in  these  cases  there  is  an  air  inlet  at 
each  corner  on  one  exposed  side,  and  a  corresponding  outlet  flue  on  each 
corner  on  the  opposite  side  (as  shown  in  Fig.  6).  The  outlet  flues  have 
registers  both  at  the  ceiling  and  at  the  floor.  With  this  arrangement 
of  air  inlet  and  with  no  means  for  diffusing  the  air  as  it  enters,  it  is  not 
surprising  that  when  weather  conditions  are  favorable,  and  the  volume 
of  entering  air  large  and  its  velocity  consequently  high,  drafts  are 
complained  of  by  persons  sitting  near  the  supply  registers.  To  avoid 
these,  screens  or  baffling  plates  have,  in  some  cases,  been  provided,  and 


STUDY  OF  HEATING  AND  VENTILATING  PLANTS. 


161 


in  some  cases  the  inlets  have  been  raised  a  few  feet  above  the  floor.  The 
efficiency  of  the  air  circulation  in  a  room  so  arranged  is  evidently  open 
to  grave  suspicion,  for  it  is  obvious  that  as  regards  the  two  exposed  sides 
it  cannot  possibly  be  symmetrical.  The  entering  air,  being  warmer  than 
the  air  of  the  room,  a  large  proportion  of  it — especially  where  the 
screens  are  used — will  rise  immediately  to  the  ceiling  and  then  gradually 


Fig.  3. 


find  its  way  down  the  cooling  surface  of  the  windows  towards  the  floor. 
That  portion  of  it  which  flows  down  on  the  side  where  the  inlets  are 
placed,  will  have  to  cross  the  room  to  the  outlets  at  a  low  level  and  will 
do  useful  work,  but  that  which  comes  down  on  the  other  side  can 
reach  the  outlets  almost  without  working  its  passage,  and  except  for  the 
foul  air  at  the  ceiling — which  doubtless  it  does  help  to  dilute  and 
displace — it  would  be  almost  as  pure  when  it  left  the  room  as  when  it 
entered  it. 

The  temperature  in  the  rooms  is  regulated  very  approximately  by 
the  temperature  of  the  water  in  the  main  supply  pipe — a  thermometer 
being  placed  in  this  pipe  for  the  guidance  of  the  engineer,  who  varies 
the  condition  of  his  fires  and  the  number  of  boilers  used,  according  to 
the  outside  weather.  A  further  regulation  in  any  particular  room  is 
effected   by  operating   the   valves   of  the  direct  radiators   under   the 
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windows,  or  by  changing  the  position  of  the  mixing  dampers  which  are 
provided  for  all  the  Court  rooms. 

It  was  prophesied  before  the  apparatus  was  completed,  that  a  large 
corps  of  supernumerary  engineers  would  be  needed  to  regulate  with 
every  change  in  the  weather,  the  many  valves  and  dampers  which  form 
a  part  of  the  apparatus.  This,  however,  does  not  prove  to  be  the  case  ; 
in  the  Court  rooms  the  mixing  dampers  are  rarely  touched  except 
when  something  of  unusual  interest  is  going  on,  and  the  room  is  conse- 
quently crowded.  Then  the  adjustment  is  usually  made  by  one  of  the 
two  engineers.  In  the  smaller  private  rooms  the  radiator  valves  and 
cold-air  dampers  are  controlled  by  the  occupants,  while  in  the  jury  and 
other  rooms — which  have  no  air-supply  flues,  and  are  not  occupied  con- 
stantly by  the  same  persons — the  valve  wheels  have,  in  most  cases,  been 
removed  as  a  safeguard,  and  the  temperature  of  such  rooms  is  dependent 
on  that  in  the  apparatus  and  on  the  amount  of  air  admitted  behind  the 
radiators. 

The  ability  to  approximately  regulate  the  temperature  in  such  a 
large  building  from  a  central  source  is  undoubtedly  one  of  the  strongest 
arguments  in  favor  of  a  hot-water  apparatus  as  against  steam.  A  range 
of  temperature  extending  over  more  than  100  degrees  Fahrenheit  is  at 
the  disposal  of  the  engineer,  without  in  any  way  straining  the  apparatus 
or  increasing  the  pressure,  whereas  a  pressure  of  about  70  pounds  per 
square  inch  would  be  needed  in  the  case  of  steam  to  get  an  additional  100 
degrees  over  the  temperature  at  the  boiling  point,  and  such  a  pressure  in 
a  large  apparatus,  with  many  thousands  of  joints  and  fittings  and  some 
miles  of  piping,  would  be  impracticable  and  even  dangerous. 

There  are  in  the  Court  House  about  220  occupied  rooms,  including 
the  large  Law  Library  and  some  twenty  other  very  large  rooms  used  as 
court  rooms  or  rooms  for  hearings,  but  not  counting  toilet  rooms.  The 
Law  Library  has  a  cubic  capacity  of  about  132,000  feet,  and  the  other 
large  rooms  average  nearly  40,000  feet  each.  About  twenty  of  these 
two  hundred  rooms  are  used  for  unimportant  purposes  and  have  direct 
radiation  only,  without  air  supply.  Ninety  of  them  have  direct  radia- 
tors in  the  window  recesses,  enclosed  in  cast-iron  casings  and  arranged  to 
warm  air  taken  from  the  outside  through  cast-iron  subsills,  as  shown  in 
Fig.  3.  A  is  the  subsill ;  B  an  apron  of  1  inch  hair  felt,  cased  in  gal- 
vanized iron,  extending  across  the  window  recess;  C  is  the  radiator; 
D  a  damper  for  admitting  air  behind  the  radiator,  and  E  the  grating 
through  which  the  air  escapes  into  the  room.  The  dampers  are  under 
the  control  of  the  occupants  of  the  rooms,  and,  as  a  matter  of  fact,  in  cold 
weather  most  of  them  are  closed,  the  occupants  preferring  to  have  them 
so.  These  rooms  all  have  vent-flue  connections,  but  no  air  supply  other 
than  that  admitted  through  the  dampers  D,  so  that,  with  these  dampers 
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closed,  the  ventilation  cannot  be  very  excellent.  However,  in  most  of 
these  rooms  the  number  of  occupants  is  small  and  a  large  supply  of  air 
is  not  needed. 

The  remaining  one  hundred  and  ten  rooms  have  both  air  supply 
and  vent-flue  connections,  in  addition  to  direct  radiators  in  the  window 
recesses.  These  radiators,  however,  have  no  subsill  air  supply,  but  are 
simply  enclosed  in  cast-iron  screen  work,  with  gratings  at  the  top  and 
bottom  for  the  circulation  of  air. 


'«'""' 


Fig.  4. 

The  corridors  and  hallways  are  warmed  by  indirect  radiation,  with- 
out air  supply  from  the  outside.  An  air  connection  is  made  from  the 
floor  of  the  hall,  or  corridor,  to  the  underside  of  indirect  stack,  and 
another  connection  from  the  top  of  the  stack  to  the  floor  again,  or  to  a 
register  in  the  wall  above  the  floor.  In  this  way  these  spaces  are  warmed 
by  circulating  the  air  contained  in  them  through  the  indirect  radiators. 

The  amount  of  air  supplied  with  this,  as  with  any  gravity  ventilat- 
ing apparatus,  is  dependent,  first,  on  the  difference  between  the  inside 
and  outside  temperatures ;  second,  on  the  direction  and  force  of  the 
wind;  third,  on  the  barometric  pressure;  fourth,  on  the  amount  of  heat 
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used  in  the  aspirating  coils  in  the  vent  shafts,  and  fifth,  on  the  area  height 
and  form  of  the  supply  and  vent  flues  and  their  freedom  from  obstruc- 
tions and  changes  of  direction.  From  this  it  will  be  seen  that  the  air 
supply  in  this  building  is  not  likely  to  be  constant,  but  must,  of  neces- 
sity, vary  from  day  to  day  with  the  outside  weather  conditions.  The 
severest  test  for  such  an  apparatus  is  a  spring  or  autumn  day  when  the 
barometer  is  low,  the  air  still  and  the  temperature  a  few  degrees  too  cool 
for  open  windows.  If  the  amount  of  air  supplied  on  such  a  day  is  up 
to  the  standard,  then  of  course  it  would  be  theoretically  possible  to  keep 
the  supply  constant,  and  to  have  neither  more  nor  less  air  than  is  needed 
at  any  time ;  but  as  this  would  entail,  in  the  case  of  the  Court  House, 
the  very  frequent,  perhaps  hourly,  manipulation  of  seventy-four  cold- 
air  dampers,  it  would  hardly  be  practicable,  and  as  a  matter  of  fact  it  is 
not  attempted,  although  the  dampers  are  used  to  check  the  flow  of  air 
to  the  rooms  when  it  becomes  too  generous  under  favorable  weather  con- 
ditions. 

Turning  now  to  the  State  House,  we  find  there  a  steam  apparatus 
throughout.  A  pressure  of  100  pounds  per  square  inch  is  carried  on  the 
boilers  for  the  purpose  of  running  the  engines  in  connection  with  the 
electric  lighting  plant,  but  only  from  two  to  ten  pounds  is  used  in  the 
heating  apparatus.  The  boiler  room  is  located  in  the  courtyard  of  the 
extension — as  shown  at  B  on  the  plan — and  its  floor  is  about  two  feet 
below  the  level  of  the  sub-basement.  It  is  a  one-story  structure,  the 
roof  being  largely  of  glass,  making  it  an  exceptionally  light  room. 

The  different  pressures  carried  and  the  high  pressure  needed  for  the 
engines  made  a  gravity  apparatus  impracticable  in  this  case,  and  con- 
sequently the  water  of  condensation  from  all  the  direct  radiators  and 
from  the  main  coils — with  the  exception  of  the  exhaust  steam  sections — 
is  returned  to  the  boilers  through  a  series  of  traps,  tanks  and  pumps. 
The  rooms  here,  as  in  the  Court  House,  are  warmed  partly  by  the  air 
supply  and  partly  by  direct  radiation  ;  but  in  this  case  the  indirect  radia- 
tion, instead  of  being  divided  up  and  placed  at  the  bases  of  the  several 
flues,  is  massed  in  large  stacks  near  the  main  air  inlets.  The  two  sets  of 
stacks,  through  which  passes  all  the  air  supplied  to  the  extension  (the 
whole  building  except  the  Bulfinch  and  Bryant  portions),  are  built  of 
1-inch  wrought-iron  pipe,  and  are  made  up  of  a  series  of  miter  coils  set 
up  on  end  and  connected  together  in  sections.  The  arrangement  will  be 
better  understood  by  referring  to  Fig.  4,  which  shows  one  of  the  coils 
and  its  relation  to  the  floor  and  ceiling.  The  largest  stack  contains 
ninety  of  these  coils,  connected  together  in  groups  of  ten,  each  group 
having  separate  controlling  valves. 

Ventilation  is  effected  by  fans  driven  by  electric  motors,  and  for 
this  purpose  the  extension  is  divided  into  two  sections,  the  Bulfinch 
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and  Bryant  portions  together  making  a  third,  so  that  there  are  three 
supply  fans  and  three  sets  of  main  coils.  The  general  method  of  venti- 
lation can  be  understood  from  a  description  of  the  apparatus  on  the  west 
side,  which  is  the  more  interesting  as  it  supplies  air  to  the  House  of 
Representatives.  The  air  inlet  is  on  the  west  side,  and  is  indicated  by 
arrows  on  the  plan.  On  its  way  to  the  fan  the  air  first  passes  through  a 
series  of  primary  coils,  which  are  designed  to  heat  it  to  about  40  degrees 
in  zero  weather.  Between  these  coils  and  the  fan  there  is  a  large 
chamber  in  which  it  was  designed  to  place  an  air  filter ;  but  this  has  not 
as  vet  been  constructed.    The  fan  is  12  feet  diameter  and  14  inches  wide 
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Fig.  5. 

at  the  tip  of  the  blades.  It  is  a  cone  fan  of  the  Briggs-Meigs  type, 
modified  by  Prof.  Woodbridge,  and  has  proved  very  efficient  and  eco- 
nomical of  power.  The  one  on  the  east  side  is  of  the  same  type,  but 
two  feet  less  in  diameter,  as  it  has  less  work  to  do. 

After  passing  through  the  fan  the  air  is  forced  through  a  secondary 
coil,  and  is  further  heated  to  about  75  degrees,  at  which  temperature  it 
is  distributed  through  the  vertical  ducts  to  the  different  floors.  The 
total  area  of  the  main  air  supply  ducts  on  this  side  is  145  square  feet, 
45  square  feet   being  for  the  House   of  Representatives.     Horizontal 
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branches  are  taken  out  of  the  vertical  ducts  at  each  floor  for  the  purpose 
of  distributing  the  air  to  the  rooms.  These  horizontal  ducts  are  formed 
by  furring  down  the  ceilings  of  the  corridors,  so  that  they  are  not  visible, 
and  by  the  casual  observer  would  be  unsuspected.  The  air  inlets  to  the 
rooms  are  in  most  cases  takeu  directly  out  of  these  corridor  ducts,  so 
that  they  are  on  the  inner  side  of  the  rooms  and  usually  something  less 
than  three  feet  below  the  ceiling.  The  vent  outlets  are,  in  nearly  all 
cases,  at  the  floor,  and,  wherever  practicable,  on  the  warm  side,  and  are 
furnished  with  gossamer  check  valves  to  prevent  down-drafts.  No  ceil- 
ing outlets  are  provided  and  the  floor  outlets  have  no  register  valves. 
Some  of  the  rooms  which  could  not  be  reached  from  the  corridors  have 
separate  air-flues  leading  up  from  the  sub-basement,  and  connected  to 
the  warm  air  chamber  by  galvanized  iron  piping.  In  these  rooms  the 
air  inlets  are  about  eight  feet  above  the  floor. 

The  House  of  Representatives,  the  location  of  which  is  indicated  by 
the  letter  H  on  the  plan,  is  elliptical  in  form,  86  feet  long  by  70  feet 
wide  and  44  feet  high,  has  a  cubic  capacity  of  about  264,000  feet  and 
seats  240  persons  on  the  floor  and  about  200  in  the  galleries.  On 
special  occasions,  when  the  standing  room  is  occupied,  as  many  as  1,800 
persons  may  be  inside  the  doors  at  one  time.  This  chamber  is  treated  in 
a  special  manner,  the  conditions  being  different  to  those  existing  in  the 
other  rooms.  A  special  vertical  air-duct  is  provided,  which  has  two 
openings  at  the  base,  both  connecting  with  the  air-pressure  chamber,  but 
one  connecting  on  the  inside  and  the  other  on  the  outside  of  the  second- 
ary coil,  so  that  air  at  40  or  at  75  degrees,  or  at  any  intermediate  tem- 
perature, as  required,  may  be  supplied.  Mixing  dampers,  automatically 
controlled  by  thermostats,  are  provided  in  front  of  the  openings  and 
keep  the  temperature  of  this  important  legislative  chamber  practically 
constant,  in  spite  of  variations  in  the  weather  and  in  the  number  of 
occupants.  The  air-inlets  to  this  room  are  differently  arranged  to  those 
in  the  other  rooms.  The  desks  on  the  floor  and  the  seats  in  the  galleries 
are  fixtures,  and  the  floors  are  raised  and  inclined  in  such  a  manner  as 
to  give  a  considerable  air  space  between  them  and  the  ceilings  below. 
Into  these  spaces  the  air  from  the  vertical  duct  before  mentioned  is  dis- 
charged, so  that  they  become  air-pressure  chambers.  The  desks  are  of 
special  construction  and  have  hollow  bases  which  connect  with  the  air 
chamber  below,  and  the  air  finds  its  way  into  the  room  through  gratings 
(backed  by  coarse  haircloth)  in  these  bases  and  in  the  risers  of  the  floor, 
which  is  stepped.  The  gallery  inlets  are  somewhat  differently  arranged, 
though  the  same  principle  of  a  large  and  evenly  distributed  inlet  area 
near  the  floor  and  a  low  velocity  of  air  flow  is  carried  out.  The  total 
area  of  inlet  is  about  240  square  feet  for  the  floor  and  200  square  feet  for 
the  galleries,  or  one  square  foot  for  each  regular  occupant. 
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The  main  vent  outlet  is  at  the  ceiling,  where  a  free  area  of  about 
20  square  feet  is  provided,  but  there  are  also  16  square  feet  of  outlet 
area  in  the  rear  walls  for  the  galleries.  The  ordinary  air  supply  to  the 
House  is  900,000  cubic  feet  per  hour,  but  it  has  been  found  quite  possible 
on  special  occasions  to  raise  it  to  1,300,000,  and  that  without  causing 
disagreeable  drafts.  Samples  of  air  taken  at  the  ceiling  ventilator 
towards  the  close  of  the  exercises  on  the  occasion  of  the  Governor's 
inauguration  last  January,  when  fully  1,800  persons  were  inside  the 
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doors — more  than  four  times  the  seating  capacity — gave  by  the  Petten- 
koffer  method  12.1  parts  of  carbon-dioxide  in  10,000 — a  large  propor- 
tion under  ordinary  circumstances,  but  a  very  satisfactory  showing  con- 
sidering the  adverse  conditions  and  the  fact  that  the  samples  were  taken 
at  the  point  of  maximum  impurity.  It  may  be  mentioned  incidentally 
that  a  Wolpert  air  tester,  carefully  used  at  the  same  time  and  place, 
gave  but  8i  parts  C02  in  10,000,  indicating  an  error  in  the  latter  instru- 
ment of  more  than  30  per  cent.  As  the  Wolpert  device  is  used  by  the 
District  Police  in  testing  the  air  in  the  schoolhouses  of  this  State,  this 
fact  has  some  significance. 
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The  warming  of  the  House  is  done  entirely  by  the  air  supply,  no 
direct  radiators  being  used.  The  temperature  of  the  incoming  air,  when 
the  room  is  occupied,  rarely  exceeds  70  degrees  in  the  coldest  weather. 

The  temperature  of  the  air  supply  and  of  the  rooms  and  corridors 
throughout  the  building,  is  automatically  controlled  and  kept  constant 
Avithin  one  or  two  degrees  by  the  Johnson  Electric  System,  so  long  as 
the  weather  is  cold  enough  for  artificial  heat  to  be  required.  Thermo- 
stats are  placed  in  the  main  air  ducts  and  control  sections  of  the  main 
coils,  and  in  each  of  the  rooms  and  in  the  corridors  there  are  other  ther- 
mostats controlling  the  valves  on  the  direct  radiators.  The  mixing 
dampers  above  mentioned,  which  regulate  the  temperature  of  the  air  to 
the  House,  are  also  controlled  by  the  Johnson  System.  No  valves  or 
dampers  are  accessible  to  the  ordinary  occupants  of  the  building,  or  need 
to  be  operated  or  thought  of  by  them. 

In  the  completed  building  there  will  be  about  200  occupied  rooms, 
including  the  House  of  Representatives,  the  State  Library  and  the 
Senate  Chamber.  Of  these,  170  will  have  connection  to  air  supply 
and  vent  flues  as  well  as  direct  radiation.  The  remaining  thirty  include 
such  rooms  as  the  restaurant  and  kitchen,  and  the  Board  of  Health 
laboratories  on  the  fifth  floor,  which  have  liberal  vent  connections,  but 
take  their  air  supply  from  the  hallways  and  corridors  ;  and  the  stack 
rooms,  on  the  third  floor,  through  which  the  air  from  the  State  Library 
passes  on  its  way  to  the  vent  outlets.  The  advantages  and  economy  of 
such  an  arrangement  are  obvious.  The  large  volume  of  nearly  pure 
air  at  the  top  of  the  building  is  utilized,  and  a  continuous  inward  cur- 
rent is  insured  towards  those  rooms  which  might  otherwise  be  centers 
for  the  distribution  of  foul  odors  throughout  the  building.  Similarly 
all  the  toilet  rooms,  instead  of  having  their  own  air-supply  flues,  as  is 
the  case  in  eight  of  the  large  toilet  rooms  in  the  Court  House,  take  their 
supply  from  the  corridors  through  gratings  in  the  lower  panels  of  the 
doors,  and  the  vent-flues  from  these  rooms  are  all  connected  to  an 
exhaust  fan  which  is  kept  running  continuously.  Exhaust  fans  are  also 
provided  for  the  kitchen  and  restaurant,  and  for  the  laboratories,  and 
these  are  run  intermittently  as  needed.  Ventilation  in  the  stack  rooms 
is  required  principally  for  the  preservation  of  the  books,  so  that  the  air 
from  the  library,  which  is  usually  a  very  thinly  populated  room,  is 
entirely  pure  enough  for  the  purpose,  and  it  would,  in  fact,  be  wasteful 
to  use  fresh  air. 

There  is  a  fourth  exhaust  fan  in  the  State  police  department  in  the 
sub-basement,  where  confiscated  liquors  are  disposed  of.  This  was  not 
anticipated  in  the  original  design,  but  was  found  necessary  on  account 
of  the  strong  fumes  liberated. 

All  the  fans  are  run  by  electric   motors.     Vent-flues,  other  than 
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those  mentioned  above  as  being  connected  with,  fans,  are  merely  carried 
up  above  the  roof  and  suitably  capped.  No  aspirating  coils  are  pro- 
vided or  needed. 

The  total  amount  of  air  which  the  apparatus  is  capable  of  supply- 
ing to  that  portion  of  the  building  known  as  the  "  Extension "  is 
10,000,000  cubic  feet  per  hour,  or  say  50  cubic  feet  per  minute  to  each 
of  3,300  occupants.  Add  to  this  2,500,000  cubic  feet  per  hour  for  the 
Bulfinch  and  Bryant  portions,  and  we  get  12,500,000  cubic  feet  as  the 
total  for  the  completed  building.  This  amount,  it  should  be  noted,  is 
practically  independent  of  outside  weather  conditions,  and  is  well  under 
the  control  of  the  engineer,  who  can  reduce  it  as  may  be  required.  It 
is,  of  course,  dependent  on  the  fans  and  motors ;  if  these  should  become 
disabled,  then  the  air  supply  would  be  very  greatly  reduced,  and  with 
unfavorable  weather  conditions  this  building  would  be  worse  off  than 
the  Court  House.  But  such  a  contingency  is  not  likely  to  occur  except 
at  long  intervals,  and  even  then  the  stoppage  would  be  of  short  duration 
and  would  not  interfere  with  the  use  of  the  building. 

We  now  come  to  the  consideration  of  some  of  the  details  in  the 
two  buildings. 

In  the  Court  House  there  are  twelve  horizontal  tubular  hot-water 
boilers  of  80  nominal  horse-power  each,  and  two  steam  boilers  of  the 
same  type  of  50  horse-power  each,  making  a  total  of  1,060  nominal 
horse-power.  The  steam  boilers  are  for  the  elevator  pumps  and  have 
no  connection  with  the  heating  apparatus  except  that  the  exhaust 
steam,  after  passing  through  a  feed-water  heater,  escapes  to  aspirating 
coils  in  two  of  the  vent-shafts.  There  is  no  electric  lighting  plant  in 
the  building.  Of  the  twelve  hot-water  boilers,  eight  have  been  found 
sufficient  in  the  coldest  weather  experienced  since  the  apparatus  was 
installed.     The  firing  is  done  by  hand,  Cumberland  coal  being  used. 

In  the  State  House  there  are  four  Babcock  &  Wilcox  boilers  of  208 
nominal  horse-power  each,  or  832  horse -power  in  all.  These  boilers  are 
designed  to  supply  steam  to  the  entire  heating  apparatus,  to  the  eleva- 
tor pumps,  and  to  a  5,000  lamp  electric  lighting  plant.  Last  winter, 
beginning  with  January,  the  entire  building — except  that  portion 
marked  M,  which  was  not  built — was  warmed  by  steam  from  these 
boilers,  as  was  also  a  large  building  across  the  street  on  the  east  side 
known  as  the  Commonwealth  building.  The  electric  current  was  at  the 
same  time  supplied  to  3,500  16-candle-power  lamps  or  their  equivalent, 
and  in  the  coldest  weather  only  three  out  of  the  four  boilers  were  used, 
showing  that  there  is  an  abundant  reserve  force  to  take  care  of  the 
whole  building  when  completed.  Roney  mechanical  stokers  are  used 
for  firing.  The  coal  is  brought  from  the  bin  in  a  steel  car  running  on  a 
2-foot  track,  is  weighed  and  shoveled  into  hoppers  secured  to  the  boiler 
fronts  above  the  grates. 
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Special  arrangement  has  been  made  for  the  disposal  of  ashes. 
Between  and  below  the  two  pairs  of  boilers  there  is  a  fire-proof  chamber 
with  connection  to  each  of  the  four  ash  pits;  the  ashes  are  dumped  into 
this  chamber  and  do  not  appear  on  the  floor  of  the  boiler  room  at  all. 
A  mechanical  conveyer  raises  the  ashes  out  of  the  chamber  and  deposits 
them  through  a  chute  outside  the  boiler-room  wall,  ready  to  be  carted 
away. 

In  a  hot  water  apparatus  we  should  naturally  expect  to  find  the 
supply  and  return  pipes  of  a  larger  size  than  those  in  a  corresponding 
steam  apparatus,  so  here,  in  the  Court  House,  the  main  supply  pipe  or 
drum  is  30-inch  internal  diameter,  with  14-inch  connections  to  twelve 
boilers.  In  the  State  House  the  largest  supply  main  is  10  inches,  with 
8-inch  connections  to  four  boilers.  The  return  mains  in  the  Court 
House  are  the  same  size  as  the  corresponding  supply  pipes,  the  return 
drum  being  30  inches  in  diameter,  whereas  the  largest  return  main  in 
the  State  House  is  only  3j  inches  in  diameter. 

All  pipes  in  the  Court  House  larger  than  5  inches  in  diameter  are 
of  cast  iron,  flanged.     No  cast-iron  pipes  are  used  in  the  State  House. 

In  the  Court  House  the  supply  and  return  mains  are  in  the  sub- 
basement  ;  the  larger  pipes  run  in  the  fresh-air  supply  ducts  and  are 
covered  with  hair  felt  and  canvas,  an  excellent  non-conductor  for  hot- 
water  work,  but  objectionable  from  the  fact  that  it  has  become  infested 
with  vermin.  Each  line  of  radiators  has  its  separate  supply  and  return 
riser,  so  that  there  are  in  the  building  80  pairs  of  risers,  not  counting 
those  which  do  not  reach  up  to  the  second  floor — 160  rising  lines  in  all. 

In  the  State  House  the  supply  to  the  direct  radiators  is  first  taken 
to  the  top  of  the  building  by  two  7-inch  risers,  and  is  thence  distributed 
to  the  downward  feed  pipes  by  mains  running  in  the  roof  space  and 
covered  with  asbestos  cement  felting.  Exclusive  of  those  in  the  Bul- 
finch  portion,  there  are  67  of  these  ''droppers"  or  downward  feeders 
which  perform  the  function  of  carrying  away  the  water  of  condensa- 
tion as  well  as  supplying  steam  to  the  radiators,  so  that  no  return 
risers  are  needed.  The  average  size  of  these  vertical  pipes  is  very 
nearly  the  same  in  both  buildings,  about  2  inches  in  diameter.  The 
"  droppers  "  are  concealed  in  slots  in  the  brick  walls,  which  are  covered 
with  cast-iron  plates.  These  plates  have  perforations  near  the  floor  and 
near  the  ceiling,  so  that  a  circulation  of  air  is  maintained  and  the  heat 
utilized.  The  ordinary  pressure  carried  on  the  direct  radiator  system 
is  under  5  pounds  per  square  inch. 

The  direct  radiators  used  in  the  Court  House  are  constructed  of 
one-inch  pipe  screwed  into  cast-iron  headers  at  one  end  and  into  return 
bends  at  the  other,  the  bends  being  tapped  left  hand.  They  are  prac- 
tically ordinary  pipe  radiators  set  with  the  pipes   horizontal  instead  of 
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vertical.  This  form  was  adopted  partly  because  of  the  ease  with  which 
such  radiators  can  be  made  of  varying  heights,  widths  and  lengths  to 
suit  the  different  window  recesses  and  the  amount  of  surface  specified. 

The  State  House  radiators  are  of  the  H.  B.  Smith  Union  pattern 
for  hot  water,  vertical  cast-iron  loops  connected  together  at  top  and 
bottom.  Each  radiator  has  a  supply  connection  at  the  top  and  return 
connection  at  the  bottom,  both  connecting  with  the  same  vertical  pipe. 

The  amount  of  radiating  surface  in  the  Court  House  is  vastly 
larger  than  in  the  State  House,  notwithstanding  that  the  latter  is  the 
larger  building  and  has  ample  surface  to  more  than  meet  all  the  require- 
ments. I  am  not  able  to  state  exactly  the  area  of  the  exposed  window 
and  wall  surface  in  the  two  buildings,  but  it  is  probable  that  the  pro- 
portion of  such  surface  to  cubic  capacity  is  greater  in  the  Court  House 
than  in  the  State  House,  and  the  actual  figures  might  possibly  show  a 
surplus  for  the  Court  House.  Bearing  this  in  mind,  and  also  making 
liberal  allowance  for  the  fact  that  we  are  dealing  with  hot  water  in  one 
case  and  with  steam  in  the  other,  it  is  still  very  evident  that  an  extrava- 
gant factor  of  safety  was  used  in  designing  the  Court  House  apparatus. 

For  purposes  of  comparison  I  have  selected  a  large  room  in  each 
building,  which  will,  I  think,  help  to  bring  out  this  point  more  clearly. 
The  room  in  the  County  building  which  I  have  chosen  is  one  of  the 
Court  rooms  on  the  second  floor  on  the  west  side  (Fig.  6),  and  the  one 
in  the  State  Building  is  on  the  third  floor  on  the  east  side,  and  was 
originally  assigned  to  the  Secretary  of  State  (Fig.  5).  Their  respective 
locations  are  indicated  by  the  letters  E,  E  on  the  floor  plans.  They 
were  chosen  with  reference  to  their  size  and  exposure,  and  by  referring 
to  Table  II  it  will  be  seen  that  while  the  rooms  vary  very  little  in  those 
particulars,  yet  the  Court  Room  has  89  per  cent,  more  direct  surface 
and  1,347  per  cent,  more  indirect  surface  than  has  the  room  in  the  State 
House.  It  should  be  noted,  however,  that  this  difference  is  in  part  due 
to  the  use  of  hot  water  without  a  fan  in  one  case,  and  steam  with  a  fan 
in  the  other,  and  also  to  the  fact  that  on  account  of  the  larger  number 
of  occupants  in  the  Court  Room,  a  larger  maximum  air  supply  has  been 
provided  for.  But  even  when  all  this  has  been  taken  into  considera- 
tion, the  excess  in  the  Court  Room  is  still  very  remarkable,  and  I  do 
not  think  that  "  extravagant  "  is  too  strong  a  term  to  apply  to  the 
"factor  of  safety  "  there  used. 

The  figure  85  which  is  given  in  Table  II  as  the  amount  of  indirect 
surface  for  the  room  in  the  State  House  is  in  the  same  proportion  to  the 
total  indirect  heating  surface  on  the  east  side  (4,240  square  feet), 
as  the  amount  of  air  supplied  per  hour  to  the  room  (150,000  cubic  feet^ 
is  to  the  total  air  supply  per  hour  (4,500,000). 
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TABLE  H. 

Court  House.  State  House. 


Room  22,  2d  Floor. 


Floor  area,  square  feet 1,813 

Cubic  capacity 88,300 

Glass  area 340 

Exposed  wall  area 920 

Glass  plus  wall 1,260 

H.  S.  direct 512 

H.  S.  indirect          1,230 


Room  113,  3d  Floor. 
2,090 

39,700 

260 

994 

1,254 

270 

85 


By  referring  to  Table  I,  it  will  be  seen  that  much  the  same  propor- 
tions are  maintained  when  the  two  entire  buildings  are  compared.  The 
Court  House,  with  11  per  cent,  less  cubic  capacity,  has  318  per  cent, 
more  heating  surface,  and  this  is  without  taking  into  account  the  large 
amount  of  surface  in  the  enormous  supply  and  return  mains. 

With  regard  to  the  coal  consumption  in  the  two  buildings,  I  have 
not  found  it  possible  to  get  data  for  a  fair  comparison.  The  amount 
used  in  the  Court  House  from  January  1  to  June  1,  1895,  was  995  tons, 
and  in  the  State  House  for  the  same  period,  1,465  tons.  But  it  must  be 
remembered  that  in  the  latter  building  there  is  a  5000-lamp  electric 
light  plant,  some  portion  of  which  was  in  operation  day  and  night,  and 
that  the  Commonwealth  Building,  the  Bulfinch  and  Bryant  portions,  and 
the  Extension  (except  that  part  over  Mt.  Vernon  Street),  were  all  warmed 
during  this  period  by  steam  from  the  new  boilers.  Also  it  should  be 
noted  that  the  north  side  of  the  Bryant  portion  and  the  south  end  of  the 
Extension  were  then  outside  exposures. 

The  electric  lighting  bill  for  the  Court  House,  covering  the  period 
above  mentioned,  was  $3,030,  which  must  be  placed  against  the  State 
House  expenses.  This  is  enough  to  pay  for  the  extra  coal  used  in  that 
building  and  leave  a  balance  of  $300  a  month  towards  the  heavier 
running  expenses,  but  even  then  we  do  not  get  an  accurate  comparison, 
as  many  more  lamps  are  used  per  hour  in  the  State  House,  and  there 
are  six  elevators  there  against  three  in  the  Court  House. 

The  number  of  employees  in  the  engineer's  department  is  greater  in 
the  State  House  than  in  the  Court  House,  partly  because  of  the  lighting 
plant,  and  partly  because  of  the  State  law  which  limits  the  working 
hours  of  State  employees  to  eight  in  twenty-four,  a  law  which  does  not 
affect  the  Court  House.  There  are  in  the  State  House  three  engineers, 
six  firemen,  three  oilers  and  two  electricians,  against  two  engineers,  five 
firemen  and  one  electrician  in  the  Court  House. 

The  Court  House  apparatus  was  designed  by  Bartlett,  Hayward  & 
Co.,  of  Baltimore,  and  installed  by  the  Samuel  I.  Pope  Co.,  of  Chicago. 
That  in  the  State  House  was  designed  by  Prof.  S.  H.  Woodbridge,  of 
the  Massachusetts  Institution  of  Technology,  and  installed  by  A.  B. 
Franklin,  of  Boston. 
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RECONSTRUCTION  OF  THE  CAR  FERRY  TRANSFER 
APRONS  AT  PORT  COSTA  AND  BENICIA. 


By  John  B.  Leonard,  Member  of  the  Technical  Society  of  the 
Pacific  Coast. 


[Read  before  the  Society,  May  3,  1895.*] 

For  the  data  upon  which  I  have  based  my  description  of  the 
operating  machinery,  I  am  indebted  to  the  paper  prepared  by  Mr.  A. 
Brown  and  read  by  Mr.  Harris  before  the  American  Society  of  Civil  En- 
gineers in  April,  1890.  I  also  wish  to  acknowledge  many  favors  tend- 
ered to  me  by  Mr.  F.  Teichman,  who,  under  the  supervision  of  the 
Engineer  of  the  Maintenance  of  Way  Department  of  the  S.  P.  K.  R., 
prepared  the  details  for  this  work. 

The  steamer  "  Solano  "  was  built  in  1879  for  the  purpose  of  trans- 
ferring a  train  of  cars  (48  freight  or  24  passenger,  with  engine)  across 
the  straits  of  Carquinez  between  Port  Costa  and  Benicia. 

The  transfer  aprons  that  I  will  attempt  to  describe  to  you  are  for 
the  purpose  of  connecting  the  tracks  on  the  wharves  with  those  on  the 
boat. 

The  "  Solano"  having  been  in  service  for  a  period  of  sixteen  years, 
it  became  advisable  to  dock  her  and  make  some  needed  repairs.  This 
opportunity  was  taken  to  reconstruct  the  transfer  aprons.  It  had  for 
some  time  been  apparent  to  the  engineers  of  the  Maintenance  of  Way 

*  Manuscript  received  October  LS,  1895. — Secretary,  Axx'n  of  Evg.  Socs. 
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Department  of  the  Railroad,  that  the  construction  of  these  transfer 
aprons  was  much  too  light  for  the  present  traffic.  The  increased  volume 
of  business  and  the  much  heavier  rolling  stock  that  is  now  being  used 
are  the  reasons  for  strengthening  these  aprons. 

Fig.  1  shows  the  general  details  of  the  aprons  as  originally  con- 
structed. The  apron,  as  reconstructed,  will  have  practically  the  same 
general  dimensions  as  those  of  the  original  apron,  i.  e.,  100  feet  long  by 
44*  feet  wide,  and  will  carry  four  tracks  similar  to  those  on  the  boat. 
The  apron  will  consist  of  five  longitudinal  bowstring  trusses,  and  a 
system  of  transverse  floor  beams  carrying  intermediate  track  stringers. 

One  end  of  the  apron  is  at  all  times  supjxirted  by  the  wharf,  and 
is  also  hinged  at  this  end.  The  other  end  is  supported  by  means  of 
a  submerged  pontoon  and  counterweights,  but  during  the  operation  of 
loading  or  unloading,  additional  support  is  given  by  the  boat. 

The  supporting  capacity  of  the  pontoon  is  95  tons,  and  of  the 
counterweights  25  tons,  making  a  total  supporting  capacity  of  120  tons. 
An  excess  of  supporting  capacity  to  the  proportion  of  static  load  that  is 
carried  at  the  free  end,  is  for  the  manipulation  of  this  end  of  the  apron. 
The  machinery  for  doing  this  will  remain  the  same  as  in  the  original 
construction. 

At  the  first  panel  point  from  the  free  end,  the  apron  will  rest  on 
the  pontoon.  At  a  distance  of  12'  If"  from  the  free  end  there  will  be  a 
transverse  bowstring  truss,  the  ends  of  which  will  be  secured  to  the 
counterweights.  This  transverse  bowstring  truss  will  transmit  to  the 
longitudinal  apron  trusses  the  supporting  power  of  the  counterweights. 
The  wire  rope  which  connects  the  ends  of  the  transverse  truss  to  the 
counterweight  is  double  and  continuous,  and  passes  around  equalizing 
sheaves  both  at  the  truss  and  the  counterweight.  The  pontoon  is  con- 
nected to  the  apron  in  such  a  way  as  to  resist  both  tensile  and  compres- 
sive stresses. 

The  power  for  operating  the  counterweights  is  derived  from  a 
hydraulic  lift.  From  the  top  of  the  box  containing  the  counterpoises, 
the  chain  K  passes  partially  around  the  sheaves  I  and  m,  the  crosshead 
T,  and  is  secured  at  n.  From  the  bottom  of  the  counterweight  the 
chain  K'  passes  similarly  around  I'  and  m',  and  is  secured  at  n' .  The 
water  is  supplied  from  the  accumulator  G,  into  which  it  is  pumped  from 
the  tank  R,  on  the  Benicia  side,  by  an  electric  motor.  On  the  Port 
Costa  side  the  tank  R  is  situated  on  top  of  a  hill  and  is  supplied  by  the 
local  water  works.  The  distribution  valve  of  the  lift  T,  shown  in  detail 
on  Fig.  1,  is  so  arranged  that  when  the  feed  is  cut  off,  the  ends  of  the 
cylinder  are  connected,  so  that  the  piston  may  move  in  either  direction 
the  water  in  the  cylinder  merely  circulating  around,  thus  permitting  the 
end  of  the  apron  to  rise  and  fall  with  the  tide  or  the  boat. 
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The  action  of  the  free  end  of  the  apron  is  as  follows :  the  excess  of 
the  supporting  capacities  raises  the  apron  above  its  bearing  in  the  cock- 
pit of  the  boat,  when  such  bearings  are  at  the  maximum  elevation,  i.  e., 
the  boat  is  unloaded.  The  boat  comes  into  the  slip  to  receive  or  dis- 
charge a  train.  A  horizontal  motion  of  the  hydraulic  lift  in  the  direc- 
tion of  the  wharf  raises  the  counterweight,  and  thus  throws  an  unbal- 
anced weight  on  the  pontoon.  This  unbalanced  weight  sinks  the 
pontmn  until  the  trusses  of  the  apron  come  to  their  bearing  in  the  cock- 
pit of  the  boat.  The  apron  is  then  latched  down  and  the  counterweights 
released.  The  boat  is  held  up  to  the  apron  by  means  of  two  mooring 
rods  M,  which  extend  the  length  of  the  apron,  are  hinged  at  H  and 
bolted  back  to  the  piling  as  shown.  The  rods  M  are  connected  to  the 
boat  by  means  of  links  and  tightening  levers.  The  apron  is  now  free  to 
follow  the  fluctuations  of  the  boat  due  to  loading  and  unloading,  or 
the  rise  and  fall  of  the  tide.  Upon  unlatching  the  apron  the  unbal- 
anced weight  immediately  raises  the  apron  free  from  its  bearings.  The 
object  of  connecting  the  crosshead  Tto  the  bottom  of  the  counterweight 
is  to  keep  the  piston  always  in  a  position  ready  to  act  at  once. 

The  two  outer  trusses  of  the  apron  will  carry  the  outer  rails  of  the 
outside  tracks  on  their  top  chords,  while  the  other  rails  will  be  carried 
by  14x16  track  stringers  which  rest  on  the  transverse  floor  beams. 

The  trusses  are  of  the  pin-connected  combination  type  of  construc- 
tion. Each  truss  has  six  panels  of  13'  3"  each,  and  one  18'  3",  making 
99'  3"  center  to  center  of  end  pins,  and  a  depth  at  their  center  of  8' 
62"  center  to  center  of  pins.  The  depth  of  the  trusses  was  limited  by  the 
distance  from  the  base  of  the  rail  on  the  boat  to  the  loaded  water  line. 
The  form  of  the  trusses  is  such  as  to  secure  very  nearly  the  same  maxi- 
mum stress  iu  each  panel  under  the  conditions  of  maximum  loading  for 
such  panel. 

The  trusses  are  built  in  duplicate  for  the  sake  of  economy  in  the 
cost  of  manufacturing  and  erection.  The  only  places  where  there  is 
any  excess  of  material  are  the  web  systems  and  bottom  chords  of  the 
outside  trusses.  The  transverse  stresses  of  the  top  chords  in  these 
trusses,  in  addition  to  the  logitudinal  stress,  require  about  the  same  sec- 
tional areas  as  are  used  in  the  other  trusses. 

The  maximum  unit  strain  in  the  tension  members  will  be  15,000 
pounds  per  square  inch,  and  this  strain  will  occur  only  when  trains  are 
on  adjacent  tracks. 

The  top  chords  of  the  trusses  are  built  of  three  pieces  of  Oregon  pine, 
8"  x  16",  and  two  15"  steel  I-beams,  41  pounds  per  foot.  The  15"  beams 
are  placed  one  on  each  side  of  the  timber  chords,  the  timber  being  framed 
so  as  to  fit  snugly  up  against  the  web  of  the  beam.  The  web  members 
are  connected  to  this  chord  by  means  of  pins,  these  pins  having  bearings 
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in  castings.  The  castings  rest  on  top  of,  and  are  bolted  to,  the  vertical 
posts,  and  project  up  between  the  leaves  of  the  timber  portion  of  the 
chord,  into  which  they  are  framed.  The  diameter  of  the  pin  hole  in 
the  timber  is  such  as  to  make  a  snug  fit,  while  those  of  the  beams  are 
i"  larger  than  the  pin.  In  this  way  all  of  the  horizontal  components  of 
the  diagonal  web  members  are  transmitted  to  the  timber  portion  of  the 
chord.  At  the  ends  of  the  trusses  the  beams  are  riveted  to  the  castings, 
and  both  beams  and  timbers  come  to  a  beaidng  on  the  pin.  To  insure 
the  timber  coming  to  a  firm  bearing  in  the  castings,  iron  wedges  will  be 
driven  in  the  joints  at  the  ends  of  the  timbers. 

The  reasons  for  building  the  chords  in  this  way  are  these :  First,  it 
was  found  to  be  much  cheaper  than  an  all  iron  construction,  one  item 
in  favor  of  the  cost  of  this  construction  being  that  the  most  of  the  cast 
iron  is  taken  from  the  old  work.  The  limited  time  in  which  to  perform 
the  work  was  a  very  important  factor  against  an  iron  truss  or  girder. 
An  all  timber  chord  could  not  be  used  because  it  packed  out  too  wide 
horizontally  with  a  16"  depth,  and  to  increase  the  depth  of  the  timber 
sufficiently  to  permit  it  to  be  packed  in  the  horizontal  space  available, 
would  decrease  the  depth  of  the  truss,  or  in  extreme  cases  dip  the  bottom 
chord  too  much  into  the  water. 

For  proportioning  the  chord  sections  the  moduli  of  elasticity  of  tim- 
ber is  taken  at  1,800,000  pounds,  and  of  steel,  at  29,000,000  pounds. 
Since  the  two  materials  will  resist  the  stresses  in  proportion  to  their 
rigidities,  which  from  the  above  moduli  are  found  to  be  nearly  as  16  to 
1,  the  sectional  area  of  the  timber  to  the  steel  is  as  16  to  1,  as  near  as 
commercial  sizes  will  permit. 

Furthermore,  it  is  found  practically  impossible  to  bring  the  apron 
to  an  exact  bearing  in  the  cockpit  of  the  boat,  there  being  a  play  of 
about  \"  between  the  sill  of  the  apron  and  its  bearing  on  the  boat, 
under  favorable  conditions.  The  sudden  loading  of  the  apron  caused 
by  the  train  coming  on  from  the  boat,  immediately  deflects  the  end  of 
the  apron  to  its  bearing.  To  overcome  the  inertia  of  the  counterweights 
and  the  pontoon,  a  transverse  bending  strain  is  produced  in  the  end 
panels  of  the  top  chords. 

A  variation  in  the  elevation  of  the  sides  of  the  boat  during  the 
operation  of  loading  or  unloading,  produces  a  torsional  action  in  the 
apron.  Experience  has  shown  that  the  action  of  the  bending  stresses 
and  the  stresses  caused  by  the  torsional  motion  of  the  apron  are  very 
destructive  to  a  timber  chord.  It  is  believed  that  the  addition  of  steel 
beams  to  the  chord  section  will  prove  advantageous  in  resisting  such 
stresses. 

The  variation  in  temperature  has  been  assumed  as  40°  between 
extremes.     With   the  work  placed  in  position  at  a  mean  temperature, 
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the  40°  variation  will  cause  a  difference  in  length  of  the  timber  and 
iron  sections  of-  about  ^".  The  deflection  of  the  pin  will  be  sufficient 
to  overcome  this  variation. 

The  stringers  at  the  wharf  end  will  fit  into  a  casting  which  will 
have  projections  on  its  sides.  The  projections  will  be  in  the  form  of  a 
segment  of  a  curve,  and  will  extend  out  from  the  face  of  the  casting. 
This  projection  will  rest  in  a  socket  of  a  similar  concave  curvature,  in  a 
pedestal  casting  which  rests  on  the  wharf.  In  this  wray  an  axis  of  rota- 
tion for  the  stringers  is  provided. 

For  the  trusses  the  problem  is  very  different.  An  inclination  of 
the  apron  above  or  below  the  horizontal  line  passing  through  the  hinge 
creates  a  thrust  or  pull  at  the  hinge  which  must  be  resisted. 

A  large  radius  for  the  rolling  face  was  necessary  in  order  to  secure 
sufficient  bearing  power.  It  was  also  sought  to  secure  a  detail  which 
would  cause  the  apron  to  automatically  adjust  itself  to  its  normal  posi- 
tion when  horizontal.  These  conditions  are  believed  to  have  been  ful- 
filled in  the  detail  adopted.  The  end  pin  B  (Fig.  3)  of  the  truss  rests 
upon  the  rocker  R,  and  transmits  through  it  to  the  wharf  the  portion 
of  the  load  that  is  brought  to  this  end  of  the  truss.  The  pin  A  (Fig.  2) 
is  the  hinge  pin,  about  which  the  apron  revolves. 

The  point  C  is  the  center  of  the  curve  of  the  bearing  face  of  the 
rocker,  the  radius  being  18".  The  end  pin  B  of  the  truss  is  7"  below 
this  center  of  curvature. 

The  hinge  pin  A  is  11"  above  the  end  pin  B,  and  22"  above  the 
bearing  point  G.  The  pin  A  is  held  in  a  position  that  is  at  all  times 
vertically  over  G,  G  being  the  center  of  pressure  when  the  rocker  is 
vertical.  This  is  done  by  extending  braces  F,  F'  backwards  from  A 
and  G  and  securing  them  to  the  wharf.  The  struts  are  joined  to  one 
another  at  the  wharf  end,  and  also  at  points  intermediate  between  the 
wTharf  connection  and  the  points  A  and  G,  thus  completing  the  tri- 
angle of  bracing.  There  are  a  pair  of  these  braces  to  each  truss.  The 
apron  is  connected  to  the  hinge  by  giving  the  pin  A  a  bearing  in  the  end 
casting.  The  horizontal  motion  of  the  pin  B,  due  to  the  extreme 
position  of  the  apron,  was  found  to  be  about  \"  each  side  of  the  ver- 
tical. 

The  path  of  motion  of  the  pin  B  is  along  the  curve  B,  e.  If  the 
hinge  were  held  rigidly  in  position,  its  path  of  motion  would  have  to  be 
along  B,  d,  consequently  the  hinge  A  will  have  to  be  deflected  a  dis- 
tance equal  to  the  space  between  the  two  curves  B,  e,  and  B,  d.  This 
distance  was  found  to  never  exceed  about  ^",  a  deflection  which  will 
be  given  by  the  elasticity  of  the  strut  with  ease. 

The  point  B  being  below  the  center  of  curvature  of  the  rolling 
face,  the  tendency  of  the  apron  must  always  be  to  return  to  its  normal 
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position.  The  stress  produced  in  the  strut  F  when  the  point  B  is 
at  its  maximum  distance  from  the  vertical  line,  is  about  1,400  pounds. 
To  prevent  the  rocker  beiDg  lifted  off  its  bearing  through  any  blow  or 
shock,  the  tap  bolt  C  is  placed  in  the  pedestal. 

The  eyebars  for  this  work  were  made  by  the  Pacific  Rolling  Mill 
Co.,  of  San  Francisco.  The  balance  of  the  shop  work  was  done  by  the 
railroad  shops  at  Sacramento. 
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By  William  H.  Bryan,  Member  op  the  Engineers'  Club  of  St.  Louis. 


[Read  before  the  Club,  October  16,  1895.*] 
Every  engineer  comes  into  the  possession  of  numerous  folders, 
pamphlets,  circulars  and  catalogues  which  seem  worth  preserving.  If 
he  is  a  member  of  one  or  more  of  the  national  societies,  the  number  is 
increased.  If,  in  addition,  he  is  represented  by  cards  in  the  professional 
directories,  the  amount  of  this  literature  becomes  larger  still. 

These  pamphlets  are  of  every  imaginable  size  and  shape,  and  cover 
all  branches  of  engineering,  and  are  often  on  subjects  of  only  indirect 
interest  to  the  engineer.  Unfortunately  they  differ  widely  in  shape  and 
size,  from  a  single  card  or  leaflet,  to  a  bound  catalogue  of  many  hundred 
pages.  The  list  comprises  manufacturers'  catalogues,  stock  and  price 
lists,  advertisements,  specifications,  reports,  ordinances,  results  of  tests, 
clippings,  and  miscellaneous  pamphlets  of  a  fragmentary  character  of 
every  imaginable  description.  Much  that  the  average  engineer  receives 
is,  of  course,  not  worth  preserving,  but,  on  the  other  hand,  a  considerable 
portion  of  it,  if  not  of  actual  value  at  the  moment,  is  well  worth  pre- 
serving with  a  view  of  its  future  possible  use.  Some  of  it  is  of  great 
value,  as  it  represents  the  latest  practice  in  certain  lines,  which  is  not  as 
yet  old  enough  to  be  incorporated  in  the  text-books,  or  engineer's  pocket 
books,  much  of  it  not  having  even  reached  the  engineering  press.  Many 
manufacturers  add  a  value  to  their  catalogues  by  incorporating  in  them 
numerous  tables  and  formulae.  As  a  rule  these  are  carefully  collected 
and  represent  good  practice.  Not  infrequently  they  contain  data  not 
accessible  elsewhere.  Some  of  these  are  so  valuable  that  the  engineer 
consults  them  frequently  and  keeps  them  close  at  hand.  A  good  exam- 
ple of  this  is  "  Helios,  a  Text  Book  of  Modern  Boiler  Practice,' 'recently 
issued  by  the  Heine  Safety  Boiler  Company  of  this  city.  Others,  how- 
ever, are  of  quite  a  different  character  and  some  judgment  must  be  used 
in  determining  their  merits.  Within  the  last  week  I  received  a  circular 
in  which  the  time-honored  rule  that  the  evaporation  of  a  Cubic  foot  of 
water  per  hour  represented  one  boiler  horse-power,  was  stated  in  all  seri- 
ousness. 

There  can  be  no  argument  as  to  the  desirability  of  preserving  this 
matter,  but  unless  a  well-digested  system  of  filing  and  indexing  is  em- 
ployed, the  accumulation  soon  reaches  a  point  where  it  become  unwieldy, 
and  the  difficulty — if  not  impossibility — of  finding  any  desired  pamphlet, 
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prevents  any  considerable  use  being  made  of  them,  and  greatly  reduces 
— if  it  does  not  wholly  destroy — their  value.  Very  early  in  my  own 
experience  I  found  that  I  must  adopt  a  system  which  would  make  it 
possible  to  put  my  hands  immediately  upon  all  the  accumulated  matter 
upon  any  oue  of  many  different  subjects.  As  other  engineers  have  no 
doubt  been  confronted  with  the  same  difficulties,  I  have  thought  it 
might  be  of  interest  to  explain  the  solution  which  I  finally  reached. 

Any  satisfactory  plan  must  of  necessity  be  simple  in  design  and 
arrangement,  complete,  occupy  little  space,  and  not  be  expensive  in  first 
cost.  It  should  be  possible  to  remove  and  replace  any  single  pamphlet 
without  disturbing  the  others.  Above  all,  the  system  must  be  so  nearly 
"  automatic"  as  to  require  the  minimum  of  thought  and  labor  to  main- 
tain it  at  its  highest  efficiency. 

The  large  bound  catalogues  are,  of  course,  easily  handled.     Most  of 


Fig.  1. 

them  are  worthy  of  a  place  on  the  shelves  of  our  book  cases.  The 
smaller  and  irregularly  shaped  pamphlets  are  the  ones  which  present 
difficulties.  In  my  early  days  a  few  heavy  envelopes  in  three  or  four 
leading  divisions  of  engineering  answered  the  purpose.  These  were  sim- 
ply labeled  as  to  their  general  character,  and  each  individual  pamphlet 
or  clipping  was  also  indexed.  This  was  further  increased  by  additional 
envelopes  of  the  same  character,  as  the  accumulation  grew.  For  obvious 
reasons,  however,  this  plan  soon  failed,  the  envelopes  being  quite  limited 
in  capacity,  and  the  system  having  little  or  no  elasticity.  The  next  step 
was  the  use  of  the  flexible  paper  letter  files,  Fig.  1.  These  cost  from 
25  cents  to  35  cents  each,  and  contain  twenty-two  divisions.  A  label 
is  placed  on  each  division  giving  the  title  or  subject  to  which  it  is  de- 
voted. These  permit  quite  a  variety  of  subjects  and  each  division  may 
be  somewhat  overcrowded.  This  system  lasted  me  until  within  the  last 
year,  adding  cases  from  time  to  time,  and  rearranging  the  subjects.  I 
found   in  practice,  however,  that  many  of  the  divisions  became  badly 
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overcrowded,  and  that  the  cases  would  not  stand  the  hard  service  due  to 
frequent  reference  to  their  contents.  Furthermore,  the  divisions  are  not 
readily  accessible  where  the  filing  cases  are  all  kept  together  on  shelves, 
it  being  necessary  to  remove  the  entire  case  to  get  at  any  particular 
division.     Dust  also  gets  into  the  divisions. 


Fig.  2 


Less  than  a  year  ago,  I  realized  that  it  was  necessary  to  radically 
change  my  system  if  I  desired  to  be  able  to  get  the  full  benefit  of  the 
matter  in  my  possession.  I  devoted  a  great  deal  of  study  to  the  matter, 
investigating  all  sorts  of  filing  systems,  shelves,  cases  of  drawers,  etc.,  but 
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found  nothing  which  was  at  all  suitable.  The  standard  sizes  were  either 
not  satisfactory  as  to  size,  or  shape,  or  they  occupied  too  much  room,  or 
were  too  expensive.  The  latter  was  true  also  of  any  special  design  which 
might  be  gotten  up. 

The  accompanying  sketch,  Fig.  2,  indicates  my  solution  of  the 
difficulty.  I  had  a  case  of  shelves  made,  of  shape  and  dimensions 
shown.  There  are  five  shelves,  each  40  inches  wide  and  13  inches  high 
in  the  clear.  The  ends,  tops,  and  facings  of  the  shelves,  are  of  antique 
oak;  the  rest  of  the  case  being  of  ordinary  material,  poplar,  I  believe. 
The  case  is  on  rollers. 


Fig.  3. 

I  then  ordered  five  dozen  "  Perfection  "  letter  file  cases  of  standard 
size,  which  is  12  x  10?  x  2|  deep,  Fig.  3.  I  had  partitions  placed  in 
forty  of  them,  giving  me  eighty  divisions  of  about  11  inches  depth,  for 
ordinary  use,  the  remaining  twenty  being,  full  depth  and  intended  for 
those  subjects  on  which  an  unusual  amount  of  matter  had  or  might  be 
accumulated.  The  cases  are  sufficiently  large  to  receive  any  of  the 
standard  sizes  of  catalogues  or  pamphlets.  In  fact,  there  are  but  few 
odds  and  ends  of  eccentric  shape  that  cannot  be  handled.  The  case  of 
shelves  cost  $7.00  and  the  letter  files  $16.50,  being  $2.50  per  dozen, 
with  an  extra  charge  of  ten  cents  per  case  for  the  partitions ;  a  total  of 
$23.50. 

Each  of  the  five  shelves  contains  twelve  filing  cases,  with  3  or  4 
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inches  of  space  to  spare  to  permit  easy  handling,  as  well  as  some  over- 
crowding of  cases,  or  even  an  additional  case  on  each  shelf. 

Each  of  the  one  hundred  divisions  is  numbered,  and  bears  also  a 
label  indicating  its  contents.  In  my  desk  I  keep  an  index,  which  is  a 
copy  of  the  labels  on  the  individual  cases.  When  the  literature  is  re- 
ceived, it  is  first  examined  to  determine  whether  it  appears  worthy  of 
preservation.  If  worth  saving,  it  is  placed  temporarily  in  a  convenient 
drawer  in  ray  desk.  When  this  drawer  becomes  filled — which  in  my 
own  case  often  happens  two  or  three  times  a  month — all  the  accumulated 
matter  is  gone  over  again  and  examined  more  carefully.  On  each 
pamphlet  which  I  decide  to  preserve,  I  mark  the  number  of  the  filing 
division  into  which  it  is  to  go.  The  whole  is  then  turned  over  to  an 
assistant,  who  files  the  pamphlets  in  their  proper  places. 

When  I  desire  to  look  up  any  particular  subject,  I  turn  to  my  index, 
ascertain  the  number  of  the  division,  and  request  an  assistant  to  bring 
me  the  proper  case.  As  my  system  of  indexing  is  alphabetical,  however, 
it  is  frequently  quite  as  convenient  to  go  directly  to  the  shelves  and  pick 
out  the  case  desired.  If  a  single  pamphlet  is  being  consulted,  it  can, 
when  I  am  through  with  it,  be  placed  temporarily  in  the  receiving 
drawer,  if  there  is  not  time  enough  to  file  it  away  permanently. 

In  practice,  I  have  found  that  still  further  division  is  necessary  on 
some  subjects.  To  carry  these  out  I  use  large  Manilla  envelopes,  each 
bearing  a  sub-heading  corresponding  to  the  branch  of  the  subject  it 
serves. 

To  carry  out  the  system  in  its  best  shape  it  is  necessary  to  go 
through  the  cases  carefully  every  year  or  two,  making  provision  for  new 
subjects  which  have  arisen,  relieving  over-loaded  divisions-,  and  weeding 
out  duplicates  and  matter  which  has  become  antiquated,  or  is  of  doubt- 
ful value 

The  system  represents  an  investment  of  but  $23.50,  but  its  value  to 
me  is  many  times  that  amount.  If  I  include  its  contents,  I  can  hardly 
place  a  value  on  it,  as  much  of  the  matter  could  not  be  replaced.  I  can 
assure  you  that  the  ability  to  put  my  hands  at  once  upon  all  the  matter 
of  this  character  which  I  have  accumulated  for  years,  on  over  one  hun- 
dred subjects,  is  a  profound  satisfaction,  and  I  feel  that  I  have  mastered 
the  pamphlet-filing  problem  for  some  years  to  come  at  least. 

A  less  elaborate  system  would  answer  for  many  engineers,  and  even 
the  small  investment  required  may  not  always  be  convenient  to  make. 
In  such  cases  the  filing  by  divisions  in  the  ordinary  flexible  letter  file, 
Fig.  1,  will  be  found  quite  inexpensive  and  satisfactory. 
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STREAM  MEASUREMENTS   AND  WATER  POWER    IN 
VIRGINIA  AND    WEST  VIRGINIA. 


By  D.  C.  Humphreys,    Member  of  the    Association  of  Engineers    of 

Virginia. 


[Read  before  the  Association,  November  23,    1895.*] 

Those  of  this  Association  who  were  present  at  the  summer  meet- 
ing in  Lexington  will  remember  that  Mr.  F.  H.  Newell,  Hydrographer 
of  the  United  States  Geological  Survey,  was  present,  and  gave  us  a  talk 
on  the  work  and  methods  of  the  Survey. 

At  that  time,  no  work  in  stream  measurement  had  been  done  in 
the  Virginias,  except  along  the  Potomac  River ;  since  that  time,  at  the 
request  of  the  Survey,  1  have  undertaken  to  do  what  I  could  in  investi- 
gating the  water  resources  of  the  States  of  Virginia  and  West  Virginia 
as  far  as  the  limited  amount  of  money  that  could  be  placed  at  my  dis- 
posal for  that  purpose  would  permit. 

I  am  satisfied  that  the  work  which  has  been  begun  will  be  of  great 
value  to  the  two  States,  if  it  can  be  continued  and  enlarged.  Know- 
ing the  interest  our  Association  takes  in  all  such  investigations,  I  offer 
this  paper  as  a  sort  of  progress  report. 

The  origin  of  this  investigation  will  be  found  in  Major  J.  W.  Pow- 
ell's "  Report  on  the  Lands  of  the  Arid  Region  of  the  United  States," 
1878,  which  was  the  result  of  surveys  made  under  him.     In   March, 

1888,  the  Director  of  the  Geological  Survey  was  directed  to  make 
examinations  relating  to  water  storage,  the  volume  of  streams,  and 
similar  questions. 

October  2, 1888,  the  "  Irrigation  Survey  "  was  created,  and  March  2, 

1889,  it  was  extended,  but  the  appropriations  for  it  were  abruptly  cut 
off  in  1890,  after  which  date  stream  measurements  were  carried  on  only 
incidentally  along  with  the  topographical  surveys. 

On  March  18, 1894,  an  appropriation  of  $12,500  was  made  to  inves- 
tigate the  water  resources  of  the  United  States,  and  by  Act  of  March  3, 
1895,  §20,000  were  appropriated,  which  is  the  amount  available  to  June 
30,  1896. 

In  regard  to  the  work  Mr.  Newell  says :  "  In  the  attempt  to  carry 
on  work  in  all  parts  of  the  United  States,  as  well  as  to  pay  all  incidental 
office  expenses,  it  results  that  the  amount  for  any  one  locality  is  very 
small,  especially  in  the  East ;  since  the  arid  regions  demand  the  larger 
share  of  attention." 

*  Manuscript  received  December  5,  1895. — Secretary,  Ass'n  of  Eng.  iSocs. 
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The  reasons  for  the  larger  share  going  to  the  arid  lands  is  not  hard 
to  find. 

I.  The  General  Government  owns  about  one-third  of  our  territory 
by  absolute  right,  and  the  investigation  is  calculated  to  greatly  enhance 
the  value  of  the  Government's  own  property. 

II.  The  value  of  water,  on  account  of  the  very  limited  supply,  is 
much  greater  in  the  West  than  in  the  East ;  and,  to  use  the  rivers  to 
the  best  advantage,  in  the  arid  region,  it  is  necessary  that  a  comprehen- 
sive plan  should  be  adopted,  which  the  separate  States  cannot  do,  as  the 
rivers  go  from  one  State  to  another,  and  so  pass  from  one  control  and 
jurisdiction  to  another. 

III.  The  question  of  artesian  wells  and  storage  can  only  be  an- 
swered after  a  comprehensive  and  extended  survey,  and  geological  in- 
vestigation, such  as  the  U.  S.  Geological  Survey  is  now  making. 

IV.  On  account  of  the  vital  importance  to  them,  Western  repre- 
sentatives in  Congress  have  been  zealous  in  getting  appropriations  passed 
for  the  purpose,  with  the  tacit  understanding  that  the  money  should 
largely  be  spent  in  their  section ;  in  which  there  would  seem  to  be  some 
justice  since  they  have  no  harbors  nor  navigable  rivers  to  improve. 

The  complete  success  of  the  gigantic  scheme  for  utilizing  some  of 
the  power  of  Niagara,  together  with  many  even  greater  successes,  on 
a  smaller  scale,  in  transmitting  water  power  electrically,  has  turned  the 
attention  of  our  profession,  and  fired  the  imagination  of  the  general  public, 
to  the  splendid  possibilities  of  using  the  vast  wealth  of  power  which  is 
now  going  to  waste  in  our  water  courses  in  the  Appalachian  Mountains. 

The  best  water  powers  have  a  way  of  being  in  places  very  difficult 
of  access,  but  the  perfecting  of  the  alternating  motor  under  Nicola  Tesla 
and  others  has  made  all  water  power  available,  as  it  can  be  easily  trans- 
mitted to  towns  and  railway  stations.  The  cost  of  electrical  apparatus 
is  such  that  it  cannot  be  said  the  transmission  can  be  cheaply  done, 
especially  when  the  current  has  to  be  transformed  up,  then  down  again, 
which  is  necessary  if  the  distance  be  long ;  so  that  in  many  cases  the 
railway  coal  car  will  remain  the  cheapest  transmitter  of  energy. 

The  newly  acquired  importance  of  all  water  powers  has  attracted 
the  attention  of  our  public  men,  and  as  a  result  the  investigation  of  the 
water  resources  of  the  United  States  now  includes  the  East  as  well  as 
the  West,  and  especially  the  mountainous  portions  of  the  East. 

To  properly  carry  on  the  investigation  the  Survey  should  have 
enough  money,  so  that  at  least  $20,000  could  be  annually  spent  on  the 
Appalachian  region  alone.  It  is  to  be  hoped,  Congress  will  see  its  way 
clear  to  provide  for  this  work,  and  the  justice  might  be  put  on  the  same 
ground  as  it  is  in  the  far  West,  that  we  have  neither  harbors  nor 
navigable  waters  in  the  mountain  country. 
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The  value  of  this  investigation  of  water  power  need  hardly  he 
pointed  out  to  this  Association ;  still  it  will  be  proper  to  state  not  only 
what  has  been  done,  but  also  what  is  proposed,  and  what  sort  of  infor- 
mation we  hope  to  be  able  to  give  those  contemplating  the  use  of  water 
power. 

In  the  Virginias,  stations  have  been  established  and  measurements 
are  being  made:  On  the  Potomac  at  Dam  No.  6,  near  Great  Cacapon, 
W.Va. ;  on  the  South  Branch,  at  Springfield,  W.  Va. ;  on  the  main  river 
at  Cumberland,  Md. ;  on  the  Shenandoah  near  Millville,  W.  Va. ;  on 
the  Potomac  at  the  Point  of  Rocks,  Md.,  and  at  Chain  Bridge,  D.  C. 
At  these  stations  the  work  has  been  largely  done  by  Mr.  C.  C.  Babb, 
Assistant  Hydrographer  of  the  Survey,*  who  also  assisted  me  in  selecting 
and  establishing  most  of  the  following  stations  which  I  am  now  looking 
after.  On  New  River,  at  Lafayette,  W.  Va.  ;  on  the  Greenbrier,  at 
Alderson,  W.  Va. ;  on  the  James,  at  Buchanan,  Va. ;  on  North  River, 
of  the  James,  at  Glasgow,  Va. ;  on  North  and  South  Rivers,  of  the 
Shenandoah,  at  Port  Republic,  Va. ;  six  stations  in  all. 

The  observations  at  each  station  consist  of  two  parts. 

(1)  The  river  height  is  daily  read  by  a  gauge  reader,  who  lives  close 
to  the  station,  and  a  weekly  report  is  made  to  me,  which,  after  copying 
it,  I  send  on  to  Washington. 

(2)  The  relation  must  be  established  between  river  height  and  dis- 
charge per  second ;  when  this  is  once  done  all  that  is  necessary  in  order 
to  ascertain  the  quantity  of  water  flowing  by  per  second  is  to  measure 
the  river  height,  or  read  the  gauge,  then  by  a  rating  table  or  diagram 
determine  the  discharge. 

To  obtain  trustworthy  results  it  is  necessary  that  the  station  be  chosen 
at  a  place  where  the  cross-section  and  channel  above  and  below  shall  be 
permanent.  This  can  be  easily  done  in  the  mountains  or  rocky  country, 
while  on  the  Mississippi  and  Missouri  Rivers,  where  I  was  formerly 
engaged,  it  was  an  impossibility. 

To  establish  this  relation  between  gauge  reading  and  discharge, 
measurements  must  be  made  at  different  stages,  from  extreme  high  water 
to  extreme  low  water;  thus  establishing  points  along  the  curve  express- 
ing such  relation.  It  is  obvious  that  for  power  purposes  the  low  water 
discharge  is  the  important  one,  and  therefore  more  measurements  are 
made  at  low  water  than  at  any  other  stage.  High  water  discharge  is 
important  as  effecting  the  elevation  to  be  given  the  buildings  above  the 
crest  of  a  newly  erected  dam,  also  as  effecting  storage. 

*  The  results  of  some  of  his  work  were  given  to  the  public  in  a  paper,  "  The 
Hydrography  of  the  Potomac  Basin,"  by  Cyrus  C.  Babb,  Transactions  of  the 
American  Society  of  Civil  Engineers,  XXVII,  pp.  21-38,  July,  1892. 
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In  this  work  I  am  using  one  of  two  meters  which  are  at  my  dis- 
posal. 

(1)  A  Haskell  electric  meter,  which  is  let  down  usually  from  a 
bridge  attached  to  a  compound  electric  cable  which  serves  as  a  cord  to 
hold  up  the  meter,  as  an  electric  conductor  for  recording  the  revolutions 
of  the  wheel,  and  as  a  sounding  line,  being  tagged  with  red  and  white 
for  that  purpose.  A  heavy  weight  attached  to  the  bottom  of  the  meter 
causes  it  to  sink  nearly  vertically  in  the  water  while  the  tail  keeps  the 
wheel  pointed  towards  the  current.  The  electricity  is  furnished  by  a 
small  (2"  x  1'')  bisulphate  of  mercury  wet  battery,  which  is  a  model  of 
compactness  and  convenience,  and  it  always  works  whenever  I  have 
tried  to  use  it,  which  I  consider  a  big  compliment  to  any  field  electric 
battery.  I  can't  say  so  much  for  the  electric  part  of  the  meter,  for  I 
nearly  always  have  some  trouble  with  it,  owing  usually  to  a  little  water 
getting  into  a  place  where  it  is  not  wanted.  When,  for  any  reason  it 
don't  work  well,  it  is  a  matter  of  the  utmost  importance  not  to  be  in  any 
hurry  while  fixing  it. 

(2)  A  meter  made  by  Newton,  of  London,  such  as  is  supplied  to  the 
Admiralty,  this  one  belonging  to  Washington  and  Lee  University.  The 
registering  apparatus  is  put  in  gear  by  pulling  a  string,  and  released  by 
slacking  the  pull ;  this  makes  it  almost  necessary  to  attach  it  to  a  rod, 
so  that  it  cannot  be  used  in  measuring  from  a  bridge.  It  is  specially 
adapted  to  measuring  by  wading,  and  is  well  suited  to  work  from  a  boat. 
It  has  the  merit  of  being  simple  and  cheap,  so  that  it  can  hardly  be 
recommended  it  too  highly. 

Wherever  it  can  be  done,  a  bridge  is  selected,  because  of  the  cheap- 
ness of  gauging  from  it,  and  discharge  measurement  can  be  made  by 
one  man,  if  necessary,  while  no  more  assistance  is  needed  than  can  be 
rendered  by  a  boy.  Next  in  order  of  desirability  is  a  cable,  on  which 
a  small  car  travels,  large  enough  to  hold  one  man,  who  lets  down  his 
electric  meter  from  the  car,  while  he  gets  his  distances  from  the  bank  by 
a  tagged  wire  suspended  above  the  cable.  This  method  has  the  dis- 
advantage of  being  costly  to  construct,  but  has  the  advantage  that  you 
can  locate  it  at  a  suitable  place  for  accurate  measurement. 

In  warm  weather,  and  low  water  in  the  smaller  streams,  wading 
is  the  best  method. 

The  method  to  be  used  when  all  others  fail,  is  to  work  from  a  boat, 
which,  if  the  stream  be  narrow,  is  pulled  along  a  cable,  while,  if  it  be 
wide,  the  position  of  the  boat  will  have  to  be  located  by  some  indirect 
method. 

The  following  stream  measurements  have  been  made  in  the  Vir- 
ginias, not  including  the  Potomac  measurements  : 


STREAM  MEASUREMENTS  AND  WATER  POWER.  191 


River. 

Locality. 

Date. 

Discharge,  in  cu. 

Water  Power 

ft. 

per  second. 

per  foot  Fall. 

New, 

Fayette,  W.  Va., 

July  29, 

'95. 

7128 

810.0 

(< 

((                 u 

Sept.    4, 

<( 

3030 

345.0 

Greenbrier, 

Alderson,    " 

July  30, 

it 

457 

52.0 

<( 

it                   It 

Sept.    4, 

« 

106 

12.0 

James, 

Buchanan.Va., 

July    3, 

t: 

509 

57.9 

(i 

a               it 

Aug.    1, 

" 

543 

61.8 

<( 

(i               (i 

Sept.    6, 

" 

397 

45.1 

North  (of  James), 

Glasgow,     " 

Aug.  24, 

it 

201 

22.8 

a                  i< 

Lexington," 

Aug.    2, 

it 

135 

15.2 

it                  « 

IE                       (I 

Sept.    7, 

it 

82 

9.3 

«                   i 

"                        " 

"      17, 

" 

81 

9.2 

North  (of  Shenandoah) 

,  Port  Republic,  Va 

,,  Aug.   6, 

« 

374 

42.5 

(1                            u 

a               (i                it 

"     29, 

a 

258 

29  3 

South, 

K                (<                 t< 

"       6, 

<( 

114 

13.0 

(1                                 u 

(I                «                 It 

"     29, 

" 

87 

9.9 

a                           <( 

Basic  City,           " 

"       5, 

it 

72 

8.2 

North  Fork,       " 

Riverton,              " 

"      7, 

(c 

362 

41.0 

South  Fork,       " 

tt                     it 

"      7, 

« 

791 

90.0 

The  measurements  made  in  the  latter  part  of  August  and  early  in 
September,  give  the  low  water  discharge,  nearly,  except  in  the  case  of 
New  River,  which  was  on  October  4th,  two  feet  lower  than  when  it  was 
measured  September  4th. 

The  largest  power  that  I  have  seen,  and  probably  the  finest  in  the 
two  States,  is  in  the  New  River  Canon,  where  the  fall  is  over  twenty  feet 
to  the  mile,  and  the  distance  is  about  sixty-four  miles.  Taking  my 
smallest  measurement,  that  of  September  4,  1895,  the  total  horse-power 
going  to  waste  in  the  cation  is  442,300,  sufficient  to  move  about  1,000 
trains,  to  do  which  with  coal  would  require  over  1,000  tons  of  coal  per 
hour. 

This  vast  power  is  situated  in  the  midst  of  one  of  the  finest  coal 
fields  in  the  world,  where  power  from  steam  is  cheapest,  so  that  its  use 
may  be  postponed,  but  it  will  some  day  be  developed,  when  our  inex- 
haustible coal  fields  are  in  the  same  condition  that  our  inexhaustible 
forests  now  are.  But  it  may  come  sooner,  when  the  C.  &  O.  R.  R.  shall 
use  it  for  driving  its  trains  by  electricity,  and  passengers  on  the 
F.  F.  V.  can  see  Hawk's  Nest  without  getting  cinders  in  their  eyes. 
Should  this  road  use  the  New,  the  Greenbrier,  and  the  James  in 
this  way,  supplemented  by  central  steam  power  stations,  if  necessary, 
there  would  be  no  question  as  to  how  most  people  from  west  of  the 
Appalachians  would  reach  the  capital  of  their  country. 

In  this  connection  I  take  pleasure  in  saying  that  the  C.  &  O.  R.  R. 
has  shown  great  interest  in  the  work,  and  has  given  very  material 
assistance.     If  future   appropriations   permit,  the   work   will   be   ex- 
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tended  to  cover  the  entire  State ;  and  since  the  results  will  benefit  no 
interest  so  much  as  the  railways,  it  is  hoped  and  believed  that  the  other 
railways  will  help  in  collecting  trustworthy  information  about  the  water 
powers  in  the  sections  through  which  they  run. 

As  to  the  use  to  be  made  of  the  work  that  is  now  being  done,  I  can 
best  explain  by  supposing  a  manufacturer  to  be  looking  for  cheap  power. 
He  finds  a  site,  has  the  available  fall  measured  at  that  point,  and  wants 
to  know  the  quantity  of  water.  If  he  is  on  a  stream  that  we  have  meas- 
ured and  recorded — that  is  if  he  is  at  or  near  one  of  our  stations — we 
can  furnish  him  the  wTater  power  for  each  day  in  the  year  for  several 
years. 

Should  he  not  be  on  one  of  the  measured  streams,  but  on  a 
tributary,  he  has  one  measurement  made,  then  the  Geological  Survey 
will  tell  him  what  the  variations  through  the  year  will  probably  be; 
assuming  that  streams  flowing  from  similar  catchment  basins  will  vary 
with  the  rainfall  in  each.  If  the  rainfall  is  about  the  same  in  each 
basin,  the  assumption  may  fairly  be  made  that  the  tributary  will  vary 
as  the  main  stream  does.  Similar  catchment  basins  means  that  the 
geological  formations  shall  be  the  same  or  nearly  so. 

It  is  proposed  to  extend  this  branch  of  the  work  of  the  Geological 
Survey  by  making  at  least  one  measurement  of  each  river  or  creek  that 
may  be  useful  for  water  power  at  as  nearly  low  water  mark  as  possible. 
This  will  give  the  critical  point  in  regard  to  each  stream,  and  the  low 
water  ratios  being  established,  the  other  stages  may  be  estimated  with 
sufficient  accuracy  for  practical  purposes. 

In  conclusion  I  will  say  that  the  Geological  Survey  will  be  glad  to 
get  the  record  of  any  fairly  accurate  stream  measurements  that  have 
been  made,  or  any  other  trustworthy  information  in  regard  to  the 
water  power  of  the  Virginias. 


AMERICAN  PORTLAND  CEMENT  INDUSTRY.  193 


PROGRESS  OF  THE  AMERICAN  PORTLAND  CEMENT 

INDUSTRY. 


By  Robert  W.  Lesley,  Associate  Am.  Soc.  C.  E. 


[Read  before  the  Boston  Society  of  Civil  Engineers,  November  20, 1895.*] 

In  order  to  properly  give  some  idea  of  the  Portland  Cement  Indus- 
try in  the  United  States,  it  seems  to  be  wise,  though,  to  so  intelligent  a 
body  as  I  see  before  me,  almost  unnecessary,  to  go  into,  in  a  brief  way,  the 
distinction  between  natural  and  Portland  cements,  and  to  give  generally 
an  idea  of  exactly  what  is  meant  by  those  terms  when  used  in  connection 
with  cements.  So  also,  while  the  history  of  the  manufacture  of  cement 
in  the  world  dates  back  to  the  Roman  days,  and  is  no  doubt  familiar  to 
you  all,  yet  in  considering  the  latest  and  newest  developments  in  this 
industry  in  possibly  the  largest  cement  consuming  country  in  the  world, 
a  few  words  upon  the  history  of  cement,  both  natural  and  Portland, 
may  not  be  uninteresting. 

To  begin  with,  therefore,  I  would  say  generally  that  cements  are 
divided  into  natural  and  Portland  cements.  A  natural  cement  is,  as  its 
title  implies,  a  cement  formed  by  nature ;  that  is  to  say,  certain  argil- 
laceous limestones,  containing  varying  percentages  of  lime,  silica  and 
alumina,  are  quarried  and  without  further  manipulation  are,  in  their 
natural  condition,  calcined  in  open  lime-kilns  at  low  temperatures  The 
resultant  product  when  ground  to  powder  is  the  natural  cement  found 
on  the  market.  In  order  to  illustrate  just  what  is  meant  by  natural 
cement,  a  natural  cement  rock  of  the  Lehigh  County,  Pennsylvania, 
district  may  be  taken  as  a  sample.  The  rock  in  question,  which  is  of  a 
laminated  character,  shows  to  the  naked  eye,  and  much  more  so  under 
the  microscope,  various  lamina?  or  leaves  of  varying  material ;  for  prac- 
tical purposes,  it  may  so  happen  that  one  of  these  small  layers  is  lime, 
another  alumina  and  another  silica,  or  there  may  be  a  large  layer  of 
lime,  two  layers  of  silica  together  and  a  small  layer  of  alumina.  As  can 
be  readily  understood,  this  rock,  when  calcined  under  either  high  or  low 
temperatures,  will  not  under  the  heat  of  the  kiln,  combine  in  all  its 
elements  or  parts;  consequently  for  purposes  of  comparison  between 
natural  and  Portland  cement,  it  may  be  broadly  stated  that  from  20  to 
25  per  cent,  of  the  natural  cement  is  inert  or  not  in  combination.  This 
can  also  be  determined  by  synthesis  as  well  as  analysis  of  material.  By 
taking  the  portions  of  silica  and  alumina  that  should  combine  properly 
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with  the  lime,  it  will  be  found  that  there  are  certain  proportions  in 
excess,  and  therefore  uncorabined.  These  natural  rocks  are  burned  at 
light  heat  with  coal,  and  when  drawn  from  the  kilns  are  not  very  hard 
and  are  with  comparative  ease  crushed  and  ground  to  powder.  In  this 
class  of  cements  may  be  reckoned  the  well-known  cements  of  the  Rosen- 
dale,  the  Potomac,  the  Lehigh,  the  Akron,  the  Louisville,  and  the  Utica 
districts ;  all  of  them  excellent  in  their  way,  and  all  of  them  having 
been  used  with  success  in  large  work  all  over  the  United  States. 

Portland  cement,  on  the  other  hand,  is  essentially  an  artificial  pro- 
duct. While  in  nature  there  are  found  in  the  Lehigh  District,  at  Bou- 
logne, in  France,  in  Belgium,  and  in  small  quantities  possibly  at  one  or 
two  other  points  in  the  Southwest,  natural  rocks,  which,  when  calcined  at 
high  heat,  vitrify  and  form  clinker  similar  to  the  ordinary  Portland  cement 
clinker,  yet  experience  has  shown  that  owing  to  the  changing  of  the  rocks, 
the  shifting  of  the  strata  and  the  uneven  distribution  of  the  chemical 
elements  of  the  lime,  silica  and  alumina  in  the  mass,  they  are  not  to  be  relied 
upon  to  make  cement  in  a  large  way  of  uniform  grade  and  reliable  char- 
acter. Therefore,  going  back  to  the  use  of  the  word  "artificial,"  it  was 
found  that  to  make  cement  of  the  uniform  character  required  of  Port- 
laud  cement,  that  broadly  speaking,  it  was  absolutely  necessary  to  make 
artificially  in  some  way,  a  new  material  before  the  calcining  operation. 
In  England,  the  home  of  Portland  cement,  this  was  done  by  the  original 
discoverer  of  this  new  material  by  mixing  together  in  a  wet  way,  chalk 
and  the  blue  clay  or  mud  from  the  English  rivers.  In  France  the  same 
result  is  achieved  by  adding  to  the  Boulogne  material,  sufficient  amounts 
of  clay  or  chalk  to  bring  it  to  a  uniform  character,  so  far  as  chemical 
analysis  is  concerned.  In  Germany,  marls  are  added  to  clays,  lime- 
stones to  clays,  and  in  Belgium,  lime  or  clay  to  natural  cement  rocks, 
and  also  chalk  to  clay.  In  all  these  cases,  the  broad  process  has  been 
to  mix  the  two  ingredients  carrying  respectively,  first  lime,  and  second, 
the  silica  and  alumina  in  a  raw  condition,  with  water;  the  material  hav- 
ing prior  to  that  state  of  the  process  been  reduced  to  the  condition  of  a 
fine  pulp  or  powder,  according  to  whether  the  grinding  was  in  a  wet 
or  dry  way.  The  material  thus  produced,  whether  by  wet  grinding  in 
the  shape  of  a  cream  or  paste,  or  by  dry  grinding  in  the  shape  of  a  mud, 
is  either  allowed  to  dry,  or  is  dried  artificially  and  is  made  into  bricks, 
blocks,  balls  or  other  forms.  This  new  artificial  stone  as  I  shall  call  it, 
is  as  you  can  all  see  by  the  foregoing  description,  composed  of  finely 
comminuted  particles  of  lime,  silica  and  alumina,  all  in  close  mechanical 
union,  and  when  of  soluble  material  in  many  cases  in  chemical  combina- 
tion. The  rock  which  I  take  as  an  illustration  is  from  the  Lehigh  Dis- 
trict. It  shows  these  lamina?  of  the  various  ingredients  in  their  natural 
condition,  not  in  close  mechanical  or  chemical  union.     The  powder  pro- 
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duced  by  grinding  the  raw  rock  shows  the  same  rock,  which  is  practically, 
by  chemical  analysis,  suitable  for  manufacture  of  Portland  cement, 
broken  clown  and  distributed  into  atoms  or  molecules.  The  powder  is 
mixed  with  water  and  made  into  the  form  of  bricks.  The  bricks  are 
made  up  of  small  grains  of  powder  which,  re-arranged  mechanically 
w7ith  the  lime,  silica  and  alumina  that  were  formerly  in  separate  lamina?, 
or  not  thoroughly  mechanically  combined,  now  brought  in  thorough 
mechanical  combination,  and  ready  in  this  new  form  of  a  new  artificially 
made  rock,  to  be  acted  upon  in  a  chemical  crucible.  For  further  illus- 
tration may  be  considered  the  marl  and  clay  from  New  York  State, 
which  for  practical  purposes  may  be  stated  to  represent  the  chalk  and 
clay  of  England  or  the  marl  and  clay  of  Germany.  An  examination 
of  the  materials  will  show  their  marked  differences,  while  an  examination 
of  the  brick  made  therefrom  will  show  again  a  new  rock,  with  the  ele- 
ments in  close  union  and  ready  for  the  kiln.  The  kiln  therefore,  in  the 
process  of  cement  manufacturing,  may  simply  be  considered  as  a  large 
chemical  crucible,  where  the  bricks  or  blocks  of  the  raw  material  are 
placed  between  layers  of  coke  and  where  under  the  fierce  heat  of  the  kiln 
the  material  is  brought  into  a  state  of  incipient  vitrification,  and  the 
chemical  union  is  formed  between  the  silica  and  alumina  and  the  lime, 
forming  what  may  be  called  double  silicates  or  alumina  and  lime,  though 
generally  speaking,  the  chemistry  of  exactly  what  does  happen  in  the 
kiln  is  still  an  uncertain  subject,  and  many  interesting  papers  and 
examinations  by  such  chemists  as  Fremy,  Le  Chattillier,  Feichtinger 
and  Landrin  show  many  varying  points  of  view  on  this  subject.  After 
this  calcination,  the  material  wdiich  is  drawn  from  the  kiln,  is  in  the 
shape  of  blackish  green  masses  of  clinkers,  and  while  the  cement-mak- 
ing material  may  vary  in  many  parts  of  the  manufacture,  the  calcined 
material  or  clinker  is  as  a  generality  all  about  the  same  color,  though 
slightly  varying  in  weight  according  to  the  lightness  or  heaviness  of  the 
materials  composing  the  brick,  and  the  degree  of  the  density  of  the 
brick  before  they  are  put  in  the  kiln.  This  may  be  exemplified  by  com- 
paring samples  of  the  clinker  which  is  made  from  the  marl  and  clay 
material,  and  that  made  from  cement  rocks  and  limestones. 

The  grinding  of  Portland  cement  is  a  much  more  difficult  matter 
than  the  grinding  of  natural  cement.  It  requires  larger  grinding  ma- 
chinery as  well  as  greater  grinding  power.  This  is  due  to  the  difference 
in  the  texture  of  the  Portland  cement  clinker  and  of  the  stone  of  the 
natural  cement  after  calcination. 

While  what  I  have  stated  may  seem  somewhat  unnecessary  to  so 
well  posted  an  audience,  it  nevertheless  will  convey,  by  means  of  an 
object-lesson  with  the  materials  before  you,  just  exactly  what  is  meant 
by  the  two  definitions  of  cement  that  we  are  all  using,  and  in  many  cases 
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possibly  without  much  thought  as  to  exactly  what  is  meant  by  them. 
So  much,  therefore,  for  the  definitions  of  cement. 

As  to  the  history  of  cement,  we  all  know  that  long  before  any  of 
us  were  born  or  even  thought  of,  the  Romans  had  some  sort  of  a  mortar 
made  from  combinations  of  lime  and  volcanic  dust,  which  was  left  for 
one  or  two  years  in  the  shape  of  a  paste  made  with  water,  and  after  it 
had  thus  thoroughly  seasoned  in  pits  or  vats  was  used  in  the  work  that 
the  ancients  did  in  the  way  of  masonry.  Little  new  information  on  the 
subject  of  mortars  was  developed  in  the  world  from  that  time  until  the 
reign  of  Louis  XIV,  of  France,  when  a  new  method  of  making  mortar 
by  the  use  of  lime  hot  from  the  kilns  was  brought  before  him,  in  the 
shape  of  a  petition  or  address  for  recognition  of  this  new  discovery. 

In  1756,  Smeaton,  who  in  1791  described  his  experiments  when 
writing  of  his  construction  of  the  Eddystone  lighthouse,  first  developed 
the  thought  which  led  to  the  discovery  of  the  ingredients  of  hydraulic 
mortar,  and  he  laid  down  the  principle  that  the  hydraulicity  of  a  lime- 
stone depends  not,  as  was  formerly  thought,  upon  its  color  or  its  texture, 
but  upon  the  percentage  of  clay  entering  into  its  chemical  composition. 
This  discovery  naturally  caused  a  general  examination  by  engineers  and 
others  of  various  limestones  and  other  materials  in  England.  Almost 
contemporaneous  with  Smeaton's  publication  came  the  patent  of  Jos. 
Parker,  who  claimed  to  make  Parker's  cement  out  of  certain  stones 
or  argillaceous  productions.  This  patent  he  followed  up  in  1796  by 
a  second  patent  for  the  use  of  the  nodules  or  "  noddles  "  of  clay  which 
he  found  along  the  Kentish  coast  of  England.  To  this  cement,  later 
on,  the  name  of  Roman  cement  was  given,  and  it  commanded  quite 
a  large  market  in  England.  Almost  contemporaneous  with  the  work 
of  Parker,  but  still  following  Smeaton's  great  discovery,  Lesage, 
who  was  connected  with  the  French  army,  found  similar  pebbles  or 
noddles  at  Boulogne,  out  of  which  he  made  good  quick-setting  cement 
along  in  1796.  Chemically  speaking,  all  these  cements  so  far  men- 
tioned were  natural  cements,  and  analyzed  very  near  alike,  containing 
about  45  of  lime  to  30  of  silica  and  alumina.  In  France  also,  Vicat, 
whose  work  on  mortars  for  construction,  limes  for  construction,  betons. 
and  ordinary  mortars  was  published  in  1818,  had  followed  up  Smeaton's 
discovery,  of  the  advantage  of  clay  in  natural  limestone  to  make  such 
limestone  hydraulic — by  producing  artificial  hydraulic  limes,  by  mixing 
with  rich  lime  varying  percentages  of  clay,  doing  what  he  describes  in  his 
book  when  he  says,  "  We  have  no  longer  therefore  to  attend  to  laboratory 
experiments,  but  indeed  to  a  new  art,  very  nearly  arrived  at  perfection." 
This  new  art,  which  he  describes  in  1818,  was  what  is  now  the  art  of 
making  Portland  cement,  though  he  did  not  describe  it  by  that  name, 
nor  did  he  in  his  early  experiments  arrive  at  the  final  results  which  he 
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subsequently  attained.  At  or  about  the  same  time  that  Vicat  was  ex- 
perimenting, Jos.  Aspdin,  a  bricklayer  of  Leeds,  England,  was  carrying 
on,  in  a  less  scientific  way,  a  similar  line  of  work  which  resulted  in  1824 
in  his  taking  out  a  patent  for  an  improvement  in  the  mode  of  producing 
an  artificial  stone,  which  patent  is  generally  recognized  as  the  first 
description  of  the  process  of  making  Portland  cement,  though  in  point 
of  fact  neither  the  Aspdin  patent,  nor  that  of  Frost,  nor  St.  Leger, 
which  were  taken  out  in  England  at  or  about  the  same  time,  would 
actually  make  the  Portland  cement  of  the  present  day,  because  a  careful 
examination  of  these  patents  shows  that  they  fail  to  state  that  it  is 
necessary  to  carry  the  calcination  to  incipient  vitrifaction,  though  pos- 
sibly this  fact  may  or  not  have  been  withheld  as  a  trade  secret,  for  in 
the  early  days  of  the  cement  manufacture  in  England,  the  business  was 
invested  with  the  greatest  amount  of  secrecy.  As  a  bit  of  cement  his- 
tory it  may  be  here  stated,  that  in  the  face  of  the  greater  cost  of  produc- 
ing Portland  cement,  the  reputation  of  the  English  natural  cements  was 
so  great  that  for  several  years  after  the  establishment  of  Portland  cement 
works  the  natural  product  commanded  a  higher  price  than  the  artificial 
one.  It  may  be  interesting,  also,  to  know,  in  connection  with  all  this 
business  of  Portland  cement  making,  that  as  a  general  fact,  in  nearly 
every  case,  the  large  cement  works  of  the  world  all  owe  their  origin  to 
patents  of  some  kind.  The  great  English  works  of  J.  B.  White  &  Co. 
on  the  Thames,  of  Francis  &  Co.  on  the  Thames,  may  be  traced  to  the 
Frost  patent  of  1822 ;  the  cement  works  at  Wakefield,  England,  which 
were  established  in  1825,  and  which  still  are  in  existence,  grew  out  of 
Aspdin's  patents,  while  other  works  on  the  Thames  and  at  New  Castle 
grew  out  of  discoveries  of  a  son  of  Jos.  Aspdin  and  of  a  foreman  of  one 
of  the  original  works  started  at  the  time  of  the  Frost  patent.  This  is 
especially  the  case  with  the  Portland  cement  works  of  the  United  States. 
The  spread  of  the  cement  industry  into  Belgium  through  a  son-in-law 
of  Aspdin,  and  thence  into  Germany,  is  not  of  much  historical  interest, 
except  so  far  as  it  may  be  stated  that  Germany  to-day  is  the  largest 
producer  of  Portland  cement  in  the  world,  and  possibly  the  most  scien- 
tific manufacturer.  The  French  exploitation  of  cement  manufacture 
came  out  of  the  inventions  of  Vicat,  followed  by  the  discoveries  at  Bou- 
logne sur-mer,  at  Vassey  and  at  Tiel. 

Having  thus  defined  the  character  of  the  cements  of  commerce  and 
briefly  given  a  history  of  how,  within  the  last  hundred  years,  these  two 
great  elements  in  the  building  industry  were  discovered  and  brought 
before  the  public,  I  think  the  time  has  come  to  say  something  of  what  I 
think  is  the  most  interesting  subject,  and  that  is  the  development  of  the 
manufacture  of  cement  in  the  United  States.  This  history,  in  its  in- 
cipient stages,  almost  synchronizes  with  the  history  of  the  development 
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of  the  great  artificial  water-ways  or  canals  of  the  United  States.  When 
the  Erie  Canal  was  built,  hydraulic  mortar  was  a  prime  necessity,  and 
out  of  that  necessity  giew  the  discovery  of  cement-making  material 
near  Fayetteville,  N.  Y.,  in  1818,  and  near  Lockport,  N.  Y.,  in  1824. 
Natural  cement  is  still  made  in  these  two  districts,  which  are  known 
as  the  Onondago  Co.,  N.  Y.,  and  the  Akron,  N.  Y.,  districts,  though  the 
distinct  Akron  District  was  not  actually  opened  until  some  years  later. 
The  construction  of  the  Delaware  &  Hudson  Canal,  from  Rondout  on 
the  Hudson  to  Honesdale,  Pa.,  brought  about  the  discovery  of  the 
Rosendale  District,  where  nearly  3,000,000  barrels  of  natural  cement 
are  annually  produced,  and  which  district  was  first  opened  in  1826. 
The  Louisville  District  owes  its  discovery  to  the  Government  Canal 
which  was  commenced  in  1829,  for  the  purpose  of  facilitating  naviga- 
tion around  the  Falls  of  the  Ohio  at  that  point.  Nearly  2,000,000  barrels 
annually  are  the  output  of  that  district,  which  ranks  second  only  to  the 
Rosendale  field.  When,  in  1836,  a  canal  was  to  be  built  to  connect  the 
coal  and  mountain  district  of  Maryland  with  tide-water  at  Georgetown, 
necessity,  that  universal  mother  of  invention,  again  led  to  the  discovery 
of  cement  at  Cumberland  and  at  Round  Top,  the  present  centers  of  what 
is  known  as  the  Potomac  Cement  District.  The  well-known  cement  of 
the  West,  produced  in  the  Utica,  111.,  District,  was  discovered  in  1838, 
for  the  purpose  of  supplying  cement  for  the  Illinois  and  Michigan  Canal? 
which  was  then  building  locks  and  bridges  in  that  vicinity.  To  the 
building  of  canals,  again,  are  due  the  construction  of  cement  works  at 
Balcony  Falls,  Va.,  which  ceme  it  went  into  the  construction  of  the 
Richmond  &  Allegheny  Canal,  and  the  works  at  Siegfried,  Pa.,  the 
pioneer  mills  in  the  Lehigh  Valley  District,  are  due  to  the  construction 
of  the  Lehigh  Canal. 

In  addition  to  these  natural  cement  works,  due  to  the  construction 
of  canals,  may  be  mentioned  the  large  mills  at  Milwaukee,  on  the  lake 
and  rail,  and  the  works  at  Cement,  Ga.  All  these  cement  works  pro- 
duced in  the  year  1894,  nearly  8,000,000  barrels  of  natural  cement,  and, 
as  showing  the  effect  of  competition  in  this  industry,  it  may  be  stated 
that  in  1884  a  product  of  just  about  one-half  the  number  of  barrels 
yielded  as  many  dollars  as  the  entire  product  of  1894. 

The  quarries  of  all  these  natural  cements  vary  largely  in  their 
character,  some  being  mines  and  other  open-face  quarries.  The  rock 
in  some  cases  is  crystalline  and  in  others  laminated,  and  the  chemi- 
cal constituents  vary  largely  between  argillaceous  limestones  and 
argillaceous  dolomites ;  in  either  case  the  process  of  manufacture  is 
about  the  same  and  is  similar  to  that  described  above.  There  are  differ- 
ences, of  course,  in  the  character  of  materials  and  analysis,  but  they  are 
almost  insignificant,  and  the  process  in  the  manufacture  of  natural  cement 
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shows  very  little  change  from  the  date  of  its  earliest  establishment  in 
this  country,  though  the  quality  has  improved  largely  and  the  cements 
have  obtained  a  great  and  well-deserved  reputation  for  uniformity  and 
durability. 

The  reputation  of  Portland  cement  in  Europe,  established  by  its 
use  in  the  London  Sewage  Department  under  John  Grant,  and  by  its 
extensive  use  on  docks  and  other  public  work  all  over  Europe,  soon 
reached  America,  through  engineering  publications  and  through  the 
practical  knowledge  engineers  had  of  it,  who  came  from  Europe  to  this 
country  to  engage  in  large  engineering  work  here.  As  far  back  as  1865 
it  was  an  article  of  importation,  and  was  used  sparingly  for  side-walks 
and  the  more  difficult  character  of  engineering  works.  The  imports 
were  small,  and  the  article  being  one  not  generally  known,  prices  were 
large  and  the  business  limited.  Attention,  however,  was  called  to  the 
material  by  the  steady  growth  of  the  imports  and  by  the  general  accep- 
tability of  this  new  article  of  trade.  Work  was  done  with  it  which 
could  not  be  done  with  natural  cement,  and  most  excellent  results  were 
obtained.  American  ingenuity,  always  ready  to  seek  new  outlets  for  its 
labor  and  for  its  capital,  soon  began  studying  the  manufacture  of  Port- 
land cement.  At  Wampum,  Pa.,  on  the  Allegheny  River,  near  Pitts- 
burg, Pa.,  cement  works  were  established  for  the  manufacture  of  Portland 
cement  from  limestone,  in  the  early  seventies.  The  location  was  admirably 
adapted  for  the  business ;  the  material  being  on  the  ground  and  a  seam 
of  coal  being  in  close  proximity.  Under  the  management  of  a  Mr. 
Shinn,  Portland  cement  of  excellent  quality  was  produced,  and  was 
exhibited  at  the  Centennial  World's  Fair,  in  Philadelphia,  in  1876. 
These  works  are  still  in  existence,  are  owned  by  the  National  Cement 
Co.  of  Pittsburg,  and  while  they  have  not  been  largely  increased,  are  still 
doing  business.  At  about  the  same  time,  Mr.  D.  O.  Saylor,  in  associa- 
tion with  Mr.  Esias  Rehrig  and  Adam  Woolever,  of  Allentown,  Pa., 
came  to  the  conclusion  that  a  Portland  cement  could  be  made  from  the 
natural  cement  rocks  of  the  Lehigh  Valley,  which  they  at  that  time 
were  manufacturing  into  what  was  known  commercially  as  "Anchor  " 
natural  cement.  Mr.  Saylor's  first  idea  was  that  he  could  take  these 
natural  rocks  and  burn  them  at  high  temperatures  to  incipient  vitrifac- 
tion,  and  by  grinding  that  product  make  Portland  cement.  The  first 
results  justified  his  expectations — the  rock  did  clinker;  did  resemble 
Portland  cement  clinker,  and  when  ground  and  made  into  briquettes 
gave  results  on  the  testing  machine  equal  to  the  best  imported  brands. 
He  manufactured  a  large  quantity  of  it,  but  suddenly  found  he  was 
doomed  to  disappointment,  for  the  material,  owing  to  the  irregularities  in 
the  lamin*  of  the  rock,  was  not  homogeneous,  and  at  long  periods  the 
briquettes,  pats,  and  work  made  with  the  cement,  all  began  to  fall  away 
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and  disintegrate.  At  that  time  he  had  a  large  stock  of  this  cement  in 
bins,  and  was  driven  to  his  wits'  ends  to  know  what  to  do  with  it.  He 
put  his  brains  to  work ;  had  analyses  made  of  his  rock ;  found  that 
the  analysis  was  near  the  Portland  cement  of  commerce,  and  without 
anything  but  his  native  wit  to  guide  him,  ground  the  raw  material  into 
powder,  made  the  powder  into  brick,  sent  to  England  for  designs  of  the 
kilns  then  in  use  on  the  Medway  and  Thames,  and  actually  made  Port- 
land cement,  and,  strange  to  say,  when  later  he  came  to  look  at  the  bins 
of  damaged  cement  he  had  on  his  hands,  he  took  lumps  of  that  material 
which  had  hardened  in  the  bins,  and,  by  re-calcining  to  clinker,  made 
excellent  Portland  cement.  Cement  of  this  manufacture  was  also 
exhibited  at  the  Centennial  Exposition  of  1876,  where  both  Portland 
cements,  the  Wampum  and  the  Saylor,  held  their  own  with  the  foreign 
brands  then  exhibited.  Mr.  Saylor  was  assisted  in  his  work  by  Mr.  John 
W.  Eckert,  a  graduate  of  Lehigh  University,  who  was  for  many  years 
his  manager,  and  who  subsequently  became  President  of  the  American 
Cement  Co.,  at  Egypt,  Pa.,  in  close  proximity  to  Saylor's  works.  The 
works  erected  by  Mr.  Saylor  are  still  in  existence  under  the  name  of 
the  Coplay  Cement  Co.,  and  make  excellent  Portland  cement,  which  is 
sold  as  "Saylor's  Portland  Cement." 

In  the  Rosendale  District  on  the  Hudson,  a  number  of  gentlemen 
undertook  to  make  Portland  cement  out  of  Fuller's  earth  and  lime, 
under  patents  of  C.  F.  Dunderdale.  Works  were  erected,  but  it  was 
found  that  the  cost  was  so  far  out  of  proportion  to  the  price  that  could 
be  realized,  that  these  works,  which  were  established  in  1876-77,  were 
finally  abandoned,  as  were  other  similar  works  subsequently  established 
under  the  name  of  the  Walkill  Portland  Cement  Co.,  in  the  same 
district. 

The  Buffalo  Portland  cement,  of  which  small  quantities  were  man- 
ufactured for  a  few  years  along  from  1878  to  1885,  was  due  to  the  dis- 
coveries aud  patents  of  Uriah  Cumrniugs  and  L.  J.  Bennett,  who  were 
connected  with  these  works,  and  who  found  by  selecting  the  overburned 
material  from  the  common  cement  kilns  of  the  Buffalo  Cement  Co.,  a 
material  resembling  Portland  cement  could  be  made.  The  rock,  how- 
ever, was  largely  magnesiau,  and  for  this  reason  no  great  quantities  of 
Portland  cement  were  made. 

The  next  large  development  in  the  manufacture  of  Portland  cement 
in  this  country  grew  out  of  patents  issued  to  E.  J.  DeSmedt,  J.  M. 
Willcox  and  R.  W.  Lesley,  during  the  years  1883, 1884, 1885,  and  the  co- 
operation with  these  gentlemen,  of  Mr.  John  W.  Eckert,  who,  as  already 
stated,  had  been  one  of  the  pioneers  in  the  manufacture  of  Saylor's 
Portland  cement  at  Coplay.  The  American  Cement  Company  was  the 
outgrowth  of  this  combination,  and  is  to-day  the  largest  manufacturer 
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of  Portland  and  Improved  cement  in  the  United  States,  and  one  of  the 
largest  manufacturers  of  natural  hydraulic  cement.  Its  original  mill, 
the  Egypt  Portland  Cement  Works,  was  started  in  1884,  at  Egypt,  Lehigh 
County,  Pa.,  and  is  still  a  large  producer  of  Portland  and  other  cements. 
Near  by,  it  has  been  supplemented  by  two  other  large  works,  under  the 
same  management,  the  Pennsylvania  Portland  Cement  Works,  and  the 
Columbia  Portland  Cement  Works,  while  a  fourth  works,  owned  by  the 
same  company,  is  at  Jordan,  Ouandago  County,  New  York,  just  beyond 
Syracuse.  The  first  three  of  these  works  manufacture  Portland  cement 
from  natural  rocks  and  lime,  while  the  Jordan  works  produces  its  Port- 
land cement  by  an  admixture  of  marl  and  clay.  The  machinery  in  all 
these  mills  is  of  the  most  approved  character,  both  for  burning  and 
grinding,  and  four  Corliss  engines  of  600  horse-power  each,  one  Naylor 
engine  of  300  horse-power,  and  another  Corliss  engine  of  125  horse-power, 
supply  the  motive  power  to  drive  the  machinery. 

The  cement  produced  at  these  mills  is  known  as  "Giant  Portland 
Cement "  and  has  been  used  largely  on  public  work  all  over  the  United 
States. 

About  the  same  time  that  these  works  were  being  established 
Portland  cement  was  manufactured  in  a  small  way  at  Rockland,  Me., 
by  the  Cobb  Lime  Co.,  but  owing  to  the  cost  of  fuel  the  manufacture 
was  discontinued.  As  an  outgrowth  of  patents  of  J.  Murphy  and 
N.  Lord,  Portland  cement  works,  which  are  still  running,  were  estab- 
lished at  Columbus,  Ohio,  about  1885,  for  the  manufacture  of  Port- 
land cement  from  slag,  lime  and  clay.  In  Texas ;  at  about  the  same 
time,  the  Alamo  Portland  Cement  Works  were  established  at  San 
Antonio,  and  produced  cement  from  an  admixture  of  a  natural  cement 
rock  and  a  species  of  chalk  there  found.  Chicago  also  entered  into  the 
business,  and  attempted  to  make  a  commercial  Portland  cement  by  im- 
porting Portland  cement  clinker  from  Europe  and  grinding  it  up  with 
raw  limestone  to  produce  a  commercial  artificial  Portland  cement;  while 
Louisville,  not  to  be  outdone,  inasmuch  as  all  the  other  natural  cement 
districts,  were  experimenting  with  Portland  cement,  undertook,  under 
patents  of  Anderson  &  Brice,  to  make  Portland  cement  by  calcining,  at 
high  temperatures,  small  pieces  of  magnesian  rocks  and  also  by  com- 
bining limestone  and  marl  and  shales  for  the  same  purpose.  Colorado 
also  was  not  behind-hand,  and  works  were  established  there  for  the  pur- 
pose of  making  cement  at  Colorado  Springs,  and  also  at  Denver,  out  of 
the  sulphate  of  lime  rocks  found  near  Manitou.  One  of  these  works 
was  in  existence  until  last  year,  when  it  was  burned  down.  Two 
Englishmen  undertook  to  manufacture  cement  under  the  English  pro- 
cess, and  established  themselves  in  the  early  eighties  at  South  Bend, 
Ind.,  where  they  were  quite  successful  in  manufacturing  cement  out  of 
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marl  and  clay,  and  founded  a  works  which  is  still  in  existence.  Sub- 
sequently, these  gentlemen,  the  Messrs.  Millen,  were  the  pioneers  in 
opening  up  the  marl  and  clay  deposits  around  Syracuse,  where  they 
established  works  which  are  now  the  Empire  Portland  Cement  Works, 
which  they  subsequently  sold  to  build  new  works  for  themselves  further 
west,  at  Wayland,  N.  Y.  All  these  works  manufacture  cement  prac- 
tically under  the  same  general  process,  though  of  different  materials, 
ranging  all  the  way  from  natural  argillaceous  limestones  down  to  mix- 
tures of  clay  and  marl.  All  of  them  use  the  same  general  form  of  kiln 
such  as  are  used  on  the  Thames  and  Medway  in  England,  and  on  the 
Rhine  in  Germany,  and  all  of  them  vary  slightly  in  the  character  of 
their  grinding  machinery.  Other  Portland  cement  works,  manufactur- 
ing cement  under  these  same  methods,  are  located  at  Siegfried  and 
Whitehall,  Pa.,  at  Bellefonte,  0.,  at  San  Diego,  Cal.,  and  at  Yankton, 
South  Dakota. 

At  about  the  same  time  the  American  Cement  Company  were  get- 
ting under  way  at  Egypt,  new  experimental  works  were  started  on  the 
Hudson  by  Jos.  F.  De  Navarro  and  others  operating  under  patents  granted 
to  Henry  Mattey  about  the  years  1885-86.  These  patents  were  for  roast- 
ing small  pieces  of  natural  cement  rocks  in  rotary  kilns,  and  calcining 
them  to  incipient  vitrifaction  at  the  great  heat  produced  by  petroleum 
vapors  injected  into  the  rotating  cylinders.  The  works  on  the  Hudson, 
by  reason  of  the  non- adaptability  of  the  materials,  proved  a  failure. 
The  particular  form  of  kilns  also  were  unsuccessful,  but  subsequently 
by  adopting  kilns  and  processes  under  inventions  of  Ransome,  of  Eng- 
land, the  process  of  making  cement  in  rotary  kilns  began  after  its 
removal  from  the  banks  of  the  Hudson  to  Coplay  to  take  on  a  moderately 
successful  aspect.  The  calcination  of  gypsum  in  revolving  cylinders  had 
been  done  under  the  Smith  process  in  Philadelphia  with  excellent  success, 
and  Ransom's  process  was  the  application  of  this  theory  to  another 
material.  Works  were  established  in  1886,  on  the  Lehigh  River,  Pa., 
and  are  to-day  manufacturing  a  large  quantity  of  Portland  cement  under 
the  name  of  Atlas  Portland.  Other  works  operating  under  different 
methods,  but  still  making  Portland  cement  under  the  rotary  process,  are 
in  existence  at  Whitaker,  N.  J.,  and  at  Vulcanite,  N.  J.,  under  the  names, 
respectively,  of  the  Alpha  Portland  Cement  Co.,  and  the  Vulcanite  Port- 
land Cement  Co.  The  cements  made  under  this  process  generally  carry 
admixtures  of  2  to  3  per  cent,  of  calcined  plaster  to  counteract  the  quick- 
setting  properties  produced  by  their  calcination,  and  they  have  not  been 
in  the  market  for  a  sufficient  period  of  time  to  thoroughly  determine 
their  permanence  and  endurance.  This,  roughly  speaking,  is  the  history 
of  the  American  Portland  cement  industry,  which  to-day  gives  employ- 
ment to  about  2,000  men,  has  20  works,  and  manufactures  about  800,000 
barrels  per  annum. 
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From  an  engineering  standpoint  the  question  of  the  use  of  Ameri- 
can Portland  cement  is  naturally  a  serious  one,  inasmuch  as  the  reputa- 
tion of  the  engineer  is  measurably  dependent  upon  the  permanence  and 
stability  of  the  work  he  constructs.  In  this  connection  it  is  a  satisfac- 
tion for  the  American  manufacturer  to  be  able  to  point  to  such  records 
as  will  eliminate  from  the  mind  of  every  fair-minded  engineer  any  ques- 
tions he  may  have  as  to  the  character  of  the  materials  which  established 
manufacturers  in  this  country  seek  to  have  him  use. 

In  the  first  place,  let  us  consider  what  are  the  means  of  determin- 
ing what  a  good  Portland  cement  is,  and  what  are  the  requirements 
generally  adopted  for  the  determination  of  such  qualities.  The  first 
method  is  the  testing  for  fineness  and  tensile  strength.  This  testing 
may  be  for  short  or  long  periods,  but  the  most  convincing  proof  to  the 
engineer,  and  far  more  conclusive  than  any  of  the  ordinary  seven  and 
twenty-eight  day  tests  that  are  usually  used,  and  which  in  thousands  of 
tests  made  by  the  best  engineers  show  results  equal  to  any  foreign 
cement,  is  afforded  by  a  table  which  will  be  found  below,  showing  records 
on  300,000  barrels  of  American  Portland  cement,  used  on  five  of  the 
most  important  pieces  of  work  done  in  the  United  States,  and  carried 
out  to  a  period  of  five  years,  showing  continuous  gains  in  the  neat  and 
sand  tests  made  in  the  laboratory,  and  continuous  gains  in  all  the  sand 
tests  taken  from  the  mortar  boxes  actually  in  use  during  the  construc- 
tion of  the  work.  This  table,  which  contains  what  is  believed  to  be  the 
only  long-time  records  on  Portland  cement  in  the  world  for  similar 
quantities  and  for  as  many  different  pieces  of  work,  bears  the  most  con- 
clusive evidence  as  to  the  scientific  side,  as  well  as  the  practical  side  of 
testing  Portland  cement,  and  the  results  shown  are  certainly  conclusive 
as  to  the  reliability,  permanence  and  stability  of  the  American  Portland 
cement,  especially  as  the  works  on  which  the  cement  was  used  bear 
practical  evidence  to  the  same  excellent  qualities. 

The  second  method  of  testing  cement  is  by  chemical  analysis,  to 
determine  the  constituents  of  the  material  and  to  ascertain  whether  it 
is  properly  proportioned,  and  whether  it  has  an  excess  of  the  deleterious 
elements  of  sulphate  of  lime  and  magnesia.  Analyses  by  such  experts 
as  Reid,  Michaels,  Redgrave,  Candlot,  and  others,  may  be  taken  as 
standards  of  what  the  leading  scientists  think  are  about  the  requirements 
of  a  good  Portland  cement,  and  analyses  of  American  Portland  cements 
made  by  such  experts  as  De  Smedt,  of  Washington  ;  Faija,  of  London; 
Booth,  Garret  &  Blair,  of  Philadelphia,  show  that  the  American  Port- 
land cements,  made  in  the  standard  way,  compare  favorably  in  all  their 
elements  with  the  analyses  of  the  best  foreign  brands,  as  made  by  the 
best  foreign  experts.  In  conclusion,  it  may  well  be  asked  what  the 
American  manufacturer  has  to  show,  outside  of  chemical  and  scientific 
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tests.  It  is  true  that  he  has  shown  that  his  cement  meets  all  the  require- 
ments of  fineness  and  tensile  strain;  that  it  analyzes  the  same  as  the 
best  foreign  brands;  but  this  is  not  all  that  should  be  properly  asked  of 
it.  He  should  show  where  his  cement  has  been  used,  and,  therefore,  as 
the  "  proof  of  the  pudding  is  in  the  eating  of  it,"  the  American  manu- 
facturer is  enabled  to  point  to  the  engineer  as  evidence  of  the  character 
and  stability  of  his  product  to  the  fact  that  it  has  been  used  on  such 
important  work  as  the  Eads  Jetties  at  New  Orleans ;  the  Cornell, 
Sodom,  Bog  Brook,  Craft's,  Carmel  and  Purdy's  dams  of  the  New  York 
aqueduct  system  ;  on  all  the  dams  of  the  great  East  Jersey  water 
system  ;  on  all  the  dams  of  the  Scranton  Water  Co.  system  ;  on  the  St. 
Louis  Water  Works  ;  on  the  Chicago  Elevated  Railway  ;  on  Govern- 
ment Post  Office  buildings  at  Washington,  Buffalo,  and  other  cities  in 
the  United  States  ;  on  the  Manhattan  Life  Building,  Waldorf  Hotel, 
Germania  and  Hanover  Fire  Insurance  buildings,  Wool  Exchange, 
Coffee  Exchange,  and  other  large  buildings  in  New  York  ;  on  the 
Drexel  Building,  Drexel  Institute,  Harrison  Buildings,  Odd  Fellows 
Temple,  Girard  Estate  Buildings,  Girard  Trust  Co.  Building,  William- 
son School,  House  of  Refuge,  and  other  large  buildings  in  Philadelphia  ; 
on  the  large  new  East  River  Bridge  and  Third  Avenue  Bridge,  New 
York  ;  on  the  New  London  bridge,  over  Thames  River,  Conn. ;  the 
celebrated  Johnstown  Bridge  of  the  Penna.  R.  R. ;  new  Delaware  River 
bridge  of  the  Penna.  R.  R. ;  and  on  many  small  bridges  of  the  Penn- 
sylvania, Philadelphia  &  Reading,  Lehigh  Valley,  Baltimore  &  Ohio, 
Delaware,  Lackawanna  &  Western,  and  New  York  Central  Rail- 
roads ;  on  the  greatEast  River  Gas  Tunnel,  New  York ;  on  all  the  work  of 
tunnels,  power-house  and  other  buildings  of  the  Cataract  Construction  Co., 
at  Niagara  Falls;  on  the  Niagara  Power  Co.,  Niagara  Falls,  N.  Y. ;  on  the 
cable  and  underground  electric  roads  in  Pittsburg,  New  York  and  Phila- 
delphia ;  on  the  Jersey  City  Terminal  and  Station,  Jersey  City ;  and  on  the 
bridges,  approaches  and  new  Broad  Street  Terminal  and  Station  of  the 
Pennsylvania  Railroad,  Philadelphia ;  on  the  Terminal  and  Station 
of  the  Philadelphia  &  Reading  R.  R.,  Philadelphia;  on  the  Allen- 
town  and  Easton,  and  other  stations  of  the  Lehigh  Valley  R.  R.  and 
Philadelphia  Station  of  the  Baltimore  and  Ohio  R.  R.  It  is  on  evi- 
dence such  as  this  that  the  American  Portland  cement  manufacturer, 
with  his  works,  capital  and  labor  in  this  country,  bases  his  claim  to  the 
consideration  of  engineers,  and  points  to  as  proof  of  the  progress  of  the 
Portland  cement  industry  in  the  United  States. 
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STRENGTH  OF  BRONZE  IN  COMPRESSION. 


By  S.  Bent  Russell,  Member  of  the  Engineers'  Club  of  St.  Louis. 


[Read  before  the  Club,  October  16,  1895.*] 

In  certain  kinds  of  machinery,  where  the  wearing  parts  are  ex- 
posed to  conditions  which  would  cause  corrosion  of  iron  or  steel,  the 
engineer  often  finds  it  economical  to  make  these  parts  of  bronze,  or  to 
line  them  with  bronze  or  other  alloy.  This  is  especially  the  case  where 
the  mechanism  has  periods  of  idleness  while  the  parts  are  exposed  to  the 
corroding  conditions. 

A  good  example  of  such  machinery  will  be  found  in  sluice  gates, 
water  and  steam  valves,  etc.  Such  ga.es  and  valves  are  frecpjently 
operated  by  screws,  and  it  was  the  designing  of  such  screws  and  similar 
members  which  led  to  the  tests  herein  given.  The  writer  has  at  times 
had  occasion  to  design  gate  stems  over  3  inches  in  diameter,  and  others 
having  a  travel  of  as  much  as  6  feet. 

Now,  in  designing  a  screw  stem  to  be  operated  by  hand-power,  it  is 
desirable  to  make  the  diameter  as  small  as  may  be,  so  as  to  reduce  the 
friction  to  a  minimum. 

The  work  in  foot  pounds  needed  to  overcome  the  friction  of  the 
thread  under  a  given  load  and  with  a  given  "  pitch,"  is  in  direct  pro- 
portion to  the  distance  through  which   the  thread   has  to  travel.     This 
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distance  is,  of  course,  proportional  to  the  diameter  of  the  screw.  Hence, 
as  stated  above,  the  smaller  the  screw  the  more  easily  it  will  be  operated. 
In  the  case  of  piston  rods  too,  smaller  diameters  make  smaller 
stuffing  boxes  and  less  friction.  Moreover,  bronze  is  very  expensive 
compared  with  iron,  so  that  true  economy  calls  for  careful  designing. 
Gate  stems  and  piston  rods,  when  properly  designed,  will  fail  in  com- 
pression rather  than  in  tension.  What  the  designer  needs,  then,  is  a 
rule  or  rules  for  finding  the  strength  of  bronze  columns.  On  the  other 
hand,  while  many  tests  of  bronzes  in  tension  have  been  made  and  pub- 
lished, very  little  study  appears  to  have  been  given  to  the  strength  of 
bronze  in  compression. 

Table  I. 
TENSION  TESTS  OF  BRONZE. 


Laboratory  Number. 

Diameter. 

Breaking  Strength 

in  Bounds 
per  Square  Inch. 

Proximate  Elastic 
Limit,  Pounds 
per  Square  Inch. 

Per  cent, 
of  Elongation. 

S3 

1.1 

©I 

Modulus 

of  Elasticity 

in  Pounds 

per  Square  Inch. 

Tobin  Bronze     .    . 

486* 

1.250 

66180 

53000 

36.3  in  4  inches 

(i 

487f 
490 

1.049 
0.872 

68880 
62480 

22.9 
44.4 

(i 

49400 

31.2  in  6  inches 

<( 

520 

0.869 

63200 

31.0 

44.2 

14170000 

Phosphor  Bronze  . 

488 

1.000 

28540 

15900 

12.7 

20.1 

u 

521 

1.000 

28090 

14.0 

15.9 

10510000 

No.  85  Composition 

489 

1.000 

30060 

12000 

12.0 

19.1 

(i 

519 

1.000 

30060 

11.5 

16.4 

10700000 

*  Broke  in  grip. 

f  Stud  bolt  with  thread  and  nuts. 

Enough  has  been  said,  however,  to  show  the  reasons  for  making  the 
tests  herein  described,  and  to  justify  the  writer  in  publishiug  this  article. 

Consulting  well-known  authorities  we  learn  that  to  arrive  at  the 
strength  of  a  column  we  must  have  the  compressive  strength  of  the 
material,  and  also  the  elastic  limit  and  modulus  of  elasticity.  In  long 
columns  the  rigidity  of  the  material  is  a  very  important  factor. 

Not  being  satisfied  with  the  data  obtainable  in  books  of  reference, 
the  writer  was  impelled  to  order  the  tests  herein  described. 

Three  kinds  of  bronze  are  now  in  general  use  by  the  Water  Works 
Department  of  St.  Louis,  viz. : 
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Tobin  bronze,  which  comes  in  rolled  rods.  Phosphor  bronze,  which 
may  be  cast  in  any  form.  And  thirdly,  a  composition,  made  of  85  parts 
of  copper,  10  parts  of  tin,  and  5  parts  of  zinc,  which  also  may  be  cast 
in  any  form. 

To  prepare  for  the  tests,  11  or  12  test-bars  of  each  kind  of  metal 
were  obtained.     To  show  the  quality  of  the   metal  by  ordinary  stand- 


0.1-?      0.2;?      0.3;?     0A%     0.5<?     O.bf,      0.7;;      0.8*      0.9j*     1.0;,      1.1', 
Percent  Elongation  on  <5  H-iigth 

Fig.  1. 

ards,  two  bars  of  each  kind  were  turned  down  for  tension  tests,  and  the 
strength  and  elasticity  of  the  metal  in  tension  were  determined,  and  also 
the  ductility  and  reduction  of  area. 

The  remaining  test-bars  which  were  all  1]   inches  in  diameter  and 
15  inches  long,  were  tested  in  compression  to  failure.     The  Tobin  bronze 
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samples  were  simply  cut  from  rolled  11  inch  rods,  while  the  others  were 
cast  and  turned  down  to  11  inch  ;  all  were  cylindrical,  with  flat  ends. 

Two  compression  bars  of  each  metal  were  tested  carefully  with  an 
extensometer,  so  as  to  obtain  a  strain  diagram. 

Table  I  shows  the  results  of  the  tension   tests,  and  this  table,  with 
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Fig.  2. 

the  strain  diagrams  shown  on  Figure  1,  gives  a  complete  report  of  the 
tests  made  in  tension. 

Table  II  gives  a  summary  of  all  the  tests  of  the  three  metals,  both 
in  compression  and  tension,  and  is,  we  may  say,  the  important  feature  of 
this  paper. 
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In  both  of  the  above  tables,  the  writer  has  used  the  expression 
"prox.  elastic  limit,"  to  signify  the  point  at  which  the  stretch  or  com- 
pression of  the  bar  can  be  observed  with  the  dividers.  This  point  has 
been  known  as  the  "  elastic  limit  "  by  some,  and  has  been  termed  the 
"yield  point"  by  others,  to  distinguish  it  from  the  true  elastic  limits 
which  in  many  materials  can  only  be  determined  by  a  study  of  the  strain 
diagram. 

Figure  2  gives  one  strain  diagram  of  each  metal  in  compression. 
In  each  case,  the  two  diagrams  of  the  same  metal  were  practically  iden- 
tical, hence,  to  reproduce  them  all  would  add  nothing  to  the  reader's 
profit.  A  glance  at  this  plate  will  give  a  good  idea  of  what  difference 
there  is  in  the  nature  of  the  three  metals. 

As  these  bars  were  only  12  diameters  in  length,  and  had  flat  ends, 
they  may  fairly  be  considered  as  short  columns.  The  results  obtained 
directly  from  these  tests  may  be  used  for  short  columns,  and  will  probably 
be  of  value  to  the  designer. 

The  reader  will  note  the  difference  between  these  strain  diagrams 
and  those  given  by  wrought  iron  and  steel  which  show  a  well-defined 
yield  point.  It  is  noteworthy  too  that  the  difference  between  the  slope 
of  the  line  at  the  true  elastic  limit  and  the  slope  at,  or  rather  just  below 
the  "  prox.  elastic  limit,"  is  more  marked  in  the  case  of  these  alloys 
than  it  is  in  the  wrought  iron  or  steel  strain  diagram. 

In  connection  with  the  observed  facts  herein  described  it  was  thought 
proper  to  furnish  some  deductions  showing  the  strength  of  long  columns 
of  bronze.  In  the  absence  of  direct  experiments  on  long  columns  the 
designer  must  be  content  with  the  probable  values  obtained  by  the  use 
of  more  or  less  rational  formulas. 

For  very  long  columns  the  maximum  load  can  be  definitely  deter- 
mined by  the  use  of  Euler's  rational  formula.* 

When  p  —  safe  load  of  column  in  lbs.  per  sq.  in. 

2  E=  modulus  of  elasticity  in  lbs.  per  sq.  in. 

I  {_  =  length  of  column  divided  by  least  radius  of 

*"  gyration. 

Plotting  the  maximum  load  and  the     as  co-ordinates  we  obtain  a 
°  r 

curve  which  is  applicable  whenever  the  maximum  load  per  square  inch 

of  section  falls  below  the  true  elastic  limit  of  the  material. 

We  now  know  the  strength  of  short  columns  and  the  strength  of 

very  lung  columns.     It  only  remains  to  find  the  strength  of  columns  of 

medium  length. 


*AU  columns  are  assumed  to  be  symmetrical  in  cross-section  and  symmetri- 
cally loaded. 


STRENGTH  OF  BRONZE  IN  COMPRESSION. 


213 


To  do  this  the  writer  has  made  use  of  a  modification  of  the  well- 
known  Gordon  formula  so  as  to  obtain  a  curve  which  would  agree  with 
Euler's  formula  at  the  true  elastic  limit,  and   would    agree  with   the 

observed  strength  of  short  columns  when      =  0. 

r 

Table  III. 
BRONZE  COLUMNS— FLAT  ENDS. 

Data  used  in  computing  Table  IV. 


Ultimate  Strength, 
Pounds  per 
Square  Inch. 

/. 

True  Elastic  Limit. 

po. 

Modulus 
of  Elasticity. 

E. 

Phosphor 18000 

No.  85  Composition 18000 

13000 
9000 
9500 

15000000 
14000000 
12000000 

Table  IV. 

ULTIMATE  STRENGTH  OF  BRONZE  COLUMNS  WITH  SYMMETRICAL 

SECTIONS  AND  SYMMETRICAL  LOADING. 


Flat 

P- 

Pivoted  Ends. 

Cylindrical  Columns  with 

Ends. 

Pounds  per  Square  Inch. 

Circular  Cross-Sections. 

/ 

Tobin. 

Phosphor. 

No.  85 
Composition. 

r 

1 
d 

* 

/■ 

Flat  Ends. 

Pivoted 
Ends. 

1 

2 

3 

■i 

5 

6 

7 

24 

42400 

18000 

18000 

12. 

6. 

3. 

40 

41800 

17900 

17900 

20. 

10. 

5. 

48 

41400 

17900 

17900 

24. 

12. 

6. 

56 

40700 

17800 

17800 

28. 

14. 

7. 

64 

39900 

17700 

17600 

32. 

16. 

8. 

80 

37700 

17400 

17300 

40. 

20. 

10. 

106 

32800 

16700 

16400 

53. 

26  50 

13.25 

120 

29700 

16200 

15800 

60. 

30. 

15. 

140 

25300 

15300 

14700 

70. 

35. 

17.50 

160 

21100 

14200 

13500 

80. 

40. 

20. 

180 

17400 

13000 

12200 

90. 

45. 

22.50 

200 

14200 

11800 

10900 

100. 

50. 

25. 

213 

12500 

11000 

10100 

106.50 

53.25 

26.60 

223 

11300 

10400 

9500 

111.50 

55.75 

27.90 

248 

8870 

9000 

8070 

124. 

62. 

31. 

280 

6580 

7380 

6500 

140. 

70. 

35. 

300 

5510 

6500 

5660 

150. 

75. 

37.50 

-'.-  =  length  measured  in  diameters. 
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It  is  not  necessary  here  to  go  into  a  mathematical  discussion  on 
column  formulas.  There  is,  however,  a  way  of  testing  such  a  curve 
mathematically  which  will  show  it  to  be  near  enough  to  the  ideal  curve 
for  all  practical  purposes. 


Ultimate:    Strength 


LBS.    PER    SQ    INCH 
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Fig.  3. 


From  such  formulas  the  values  given  in  columns  2, 3  and  4  of  Table 
IV  were  computed,  using  the  data  shown  in  Table  III.  Plotting  the 
values  of  p  obtained  from  the  formulas  to  the  corresponding  values  of 
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the  ratio   -  we  get  the  curves  shown  on  Figure  3.     The  strength  of  a 

column  with  pivoted  ends  may  be  taken  as  equal  to  the  strength  of  a 
flat-end  column  having  twice  the  length. 

In  using  the  diagram  (Figure  3)  and  Table  IV,  the  designer  should 
of  course  keep  in  mind  that  the  values  given  are  obtained  by  deduction 
from  the  strength  and  elasticity  of  short  columns,  and  should  use  what- 
ever factor  of  safety  his  judgment  dictates.  In  the  case  of  the  Tobin 
bronze  it  is  well  to  remember  also  that  smaller  rods  require  more  roll- 
ing and  are  usually  tougher  than  large  rods. 

It  is  interesting  to  note  from  the  diagrams  and  tables  that  short 
columns  of  Tobin  bronze  are  much  superior  to  similar  columns  of  the 
other  metals.  For  very  long  columns,  however,  the  metals  show  nearly 
equal  strength. 

The  principal  value  in  the  deductions  herein  given  comes  from  the 
fact  that  they  are  based  on  experiments  with  true  short  columns,  and 
not  on  the  crushing  strength  of  -cubical  or  nearly  cubical  specimens.* 
Figure  4  is  given  herewith  to  show  the  shape  after  testing  of  the  small 
columns  used  in  the  experiments. 


COMPOSITION 
"MAX  LOAD  PER  SQ.  INCH  =18450  LBS. 


TOBIN  BRONZE 
MAX  LOAD  PER  SQ..  INCH  =  ^33^0  LBS 


phosphor  bronze         --^j 
may  load  per  sq  inch  =  180^+0  lbs- 
Fig.  4. 


*  In  the  discussion  of  the  paper  Prof.  J.  B.  Johnson  called  attention  to  the 
fact  that  the  crushing  strength  of  a  specimen  nearly  cubical  in  form,  of  metal  like 
bronze,  copper  or  lead,  is  in  reality  indeterminate,  as  the  material  will  flow  without 
true  crushing. 
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THE    PRESENT   EUROPEAN  PRACTICE   IN   REGARD  TO 
SEWAGE   DISPOSAL. 


By  Allen  Hazen,  Member  of  the  Boston  Scciety  of  Civil  Engineers. 


[Read  before  the  Society,  October  16,  1895.*] 

The  countries  of  western  and  central  Europe  have  a  denser  popu- 
lation than  is  the  case  with  the  greater  part  of  the  United  States,  and 
although  their  cities  are  growing,  in  many  cases,  almost  as  rapidly  as 
ours,  there  have  been  for  many  years  in  Europe  centers  of  population 
which  compelled  attention  to  various  sanitary  questions  long  before 
corresponding  issues  were  raised  in  the  United  States,  and  processes  of 
sewage  purification  have  been  in  common  use  in  Europe,  particularly  in 
England,  for  the  last  quarter  of  a  century,  which  are  just  beginning  to 
be  seriously  considered  and  adopted  in  the  United  States. 

It  is  of  course  true  that  a  certain  amount  of  work,  particularly 
experimental  work,  has  been  done  in  the  United  States  which  is  of  as 
high  a  grade  as  that  which  has  been  done  anywhere,  and  some  of  the 
information  which  has  been  secured  in  America  in  regard  to  sewage 
purification  processes,  and  the  disposal  of  sewage  by  dilution  in  streams 
and  lakes,  is  of  great  value  to  us  and  could  not  be  replaced  by  any 
amount  of  European  experience  obtained  under  other  conditions  of 
climate  and  geology;  but  on  the  other  hand,  the  continued  experience  of 
European  cities  for  a  long  series  of  years  with  many  of  the  problems 
which  are  now  seriously  confronting  American  cities  has  resulted  in 
the  accumulation  of  a  fund  of  information  which  deserves  to  be  most 
carefully  studied  by  all  who  would  be  proficient  in  the  art  and  science 
of  sewage  disposal. 

There  are  in  reality  two  sewage  disposal  problems  which  are  radi- 
cally different  from  each  other  in  their  natures  and  which  present  them- 
selves in  different  cases.  The  first  of  these  is  the  case  of  the  discharge 
of  sewage  into  bodies  of  water,  either  lakes  or  rivers,  from  which  water 
is  taken  for  domestic  supply  from  points  which  may  be  reached  by  the 
discharged  sewage.  The  problem  presented  in  this  case  is  to  so  com- 
pletely purify  the  sewage  that  when  mixed  with  the  water  it  will  not  be 
injurious  to  health.  Years  ago,  before  the  germ  theory  of  disease  was 
established,  the  possibility  of  purifying  sewage  in  this  way  would  hardly 
have  been  admitted,  but  thanks  to  the  more  recent  German  and  English 
investigations,  as  well  as  to  the  experiments  of  our  own  [Mass.]  State 
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EUEOPEAN  PRACTICE  IN  REGARD  TO  SEWAGE  DISPOSAL.     217 

Board  of  Health,  it  is  now  well  known  that  it  is  entirely  possible  to 
accomplish  this  through  the  wonderful  purifyiDg  power  of  sandy  soils 
under  proper  conditions  ;  and  it  is  actually  a  fact  that  the  effluents  from 
certain  European  sewage  works,  as  well  as  from  some  of  the  purification 
fields  in  Massachusetts,  are  preferable,  from  a  hygienic  standpoint,  to  the 
public  supplies  of  a  number  of  large  American  cities. 

The  second  problem  in  sewage  purification  is  that  of  so  purifying 
sewage  that  it  will  not  cause  a  nuisance  in  the  water  into  which  it  flows. 
When  a  small  quantity  of  sewage  is  discharged  into  a  large  volume  of 
pure,  or  comparatively  pure  water,  the  organic  and  polluting  matters 
of  the  sewage  are  oxidized  and  destroyed  by  the  oxygen  of  the  air 
which  is  ordinarily  contained  in  solution  in  the  water  into  which  the 
sewage  is  discharged.  In  case,  however,  the  quantity  of  sewage  becomes 
greater  than  can  be  oxidized  at  once  by  this  oxygen,  the  last  part  of 
the  decomposition  of  the  organic  matters  takes  place  in  the  absence  of 
air,  and  with  the  formation  of  products  which  are  given  off  into  the  air 
causing  objectionable  odors,  and  the  whole  body  of  the  liquid  becomes 
foul.  The  condition  becomes  still  worse  when  the  water  is  still,  or  has 
so  low  a  velocity  that  it  allows  the  heavier  matters  from  the  sewage  to  be 
deposited  upon  the  bottom,  where  they  accumulate  as  masses  of  mud 
wThich  decompose  with  the  most  objectionable  results.  This  condition  of 
affairs  may  often  result  even  though  the  quantity  of  sewage  is  not  great 
enough  to  render  the  whole  body  of  the  water  offensive,  and  is  thus 
likely  to  occur  in  sluggish  streams  which  would  otherwise  remove  the 
sewage  without  nuisance. 

It  is  undoubtedly  a  fact  that  sewage  has  been  purified  much  more 
frequently  to  prevent  the  production  of  a  nuisance  of  this  kind  than  to 
protect  the  purity  of  drinking  water  supplies,  perhaps  because  a  black 
dirty  stream,  giving  off  sulphureted  hydrogen  gas,  is  more  obviously  a 
nuisance  than  is  a  polluted  water  supply,  the  relation  of  which  to  the 
health  of  the  community  is  too  often  but  imperfectly  realized  even  by 
those  having  such  matters  in  direct  charge,  and  much  less  by  the  mass 
of  voters  and  tax-payers  whose  support  must  be  obtained  before  any 
expensive  improvements  are  possible. 

The  processes  which  are  used  for  purifying  sewage  may  be  divided 
into  two  general  classes:  land  treatment  and  chemical  processes, although 
a  combination  of  both  of  them  is  frequently  used.  The  principles  in- 
volved in  purifying  sewage  by  applying  it  to  land,  are  essentially  the 
same  whether  it  is  applied  to  soils  and  loams  at  a  very  low  rate  and 
with  a  growTth  of  crops  under  the  name  of  "  broad  irrigation,"  or  whether 
it  is  applied  to  specially  prepared  areas  of  favorable  materials  at  much 
higher  rates  under  the  name  of  "intermitting  filtration  ;"  and  even  the 
filtration  at  very  high  rates  with  forced  ventilation,  which  has  recently 
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been  proposed,  but  has  not  as  yet  been  carried  out  on  a  large  scale,  in- 
volves exactly  the  same  principles. 

The  other  class  of  processes  are  those  which  by  chemical  and 
mechanical  means  attempt  to  remove  from  the  sewage  in  concentrate 
form  a  portion  of  its  impurities,  and  although  the  number  of  processes 
which  might  be  included  in  this  general  definition  is  very  great,  none 
of  them  have  achieved  practical  success  except  such  as  can  properly  be 
called  "  chemical  precipitation." 

One  of  the  most  interesting  cases  where  sewage  is  purified  to  pre- 
vent the  pollution  of  public  water  supplies,  is  furnished  by  the  cities  and 
towns  upon  the  watersheds  from  which  the  water  supply  of  London  is 
drawn.  Conservancy  Boards  have  control  of  the  rivers,  and  it  is  their 
duty  to  see  that  they  are  not  polluted  so  as  to  affect  the  quality  of  the 
water  supplies  drawn  from  them,  or  become  otherwise  injurious  to  the 
people  upon  their  banks.  The  Conservancy  Board  of  the  River  Thames 
has  control  of  the  main  river  for  its  whole  length,  and  of  its  tributaries 
within  ten  miles  of  the  main  river  measured  in  a  straight  line,  but  curi- 
ously enough,  it  has  no  control  of  the  tributaries  beyond  that  distance. 
The  Conservators  of  the  River  Lea  have  control  of  the  entire  water- 
shed. 

There  are  thirty-nine  places  upon  these  two  rivers  which  are  giving 
their  sewage  systematic  treatment,  and,  so  far  as  known,  no  crude 
sewage  is  ordinarily  discharged  into  the  rivers  at  any  point.  Of  these 
thirty-nine  places,  thirty-eight  treat  their  sewage  by  applying  it  to  land, 
while  one  of  the  smaller  places,  Hertford,  uses  chemical  precipitation. 
The  Conservators  do  not  regard  the  chemical  precipitation  as  satisfac- 
tory, and  have  recently  conducted  an  expensive  lawsuit  against  the  local 
authorities  to  compel  them  to  further  treat  their  effluent,  but  this  suit 
was  lost,  as  the  court  held  that  no  actual  injury  to  health  had  been 
shown.  It  is  worth  noticing,  however,  that  the  water  into  which  the 
effluent  is  discharged,  is  all  carefully  filtered  before  it  is  delivered  to 
consumers. 

The  Conservators  require,  where  land  treatment  is  used,  that 
sufficient  area  shall  be  provided  to  allow  all  of  the  sewage  to  percolate 
through  it  in  ordinary  weather,  and  they  strongly  object  to  allowing 
any  sewage  to  flow  over  the  surface  of  the  land  into  the  streams.  The 
land  used  for  this  purpose,  however,  is,  as  a  rule,  much  less  porous  than 
the  land  commonly  used  for  sewage  treatment  on  Continental  Europe 
and  in  this  country;  and  at  times  of  heavy  storms  there  is  often  as 
much  water  from  the  rain  alone  as  the  land  can  take  without  becoming 
unduly  flooded,  and  it  is  then  incapable  of  receiving  even  the  ordinary 
quantity  of  sewage,  and  much  less  the  storm  flow,  as  the  sewers  are  gen- 
erally, if  not   always,  on  the   combined  system.     At   such   times,  the 


EUROPEAN  PRACTICE  IN  REGARD  TO  SEWAGE  DISPOSAL.     219 

sewage  either  flows  over  the  surface  of  the  land  with  the  very  inadequate 
purification  due  to  the  retention  of  solid  matter  in  the  giass  and  osiers, 
or  perhaps  more  frequently  it  is  discharged  directly  into  the  rivers 
without  even  a  pretense  of  treatment.  The  Conservators  apparently 
regard  this  as  an  unavoidable  evil  and  do  not  vigorously  oppose  it,  as 
it  is  their  theory  that  at  these  times  the  increased  dilution  with  the 
high  water  in  the  rivers  is  such  that  there  is  no  great  danger  from  the 
sewage,  although  it  would  seem  that  the  increased  velocity  and  conse- 
quent reduction  in  time  for  the  matters  to  reach  the  water- works  intakes 
would,  in  a  large  measure,  counterbalance  the  increased  dilution. 

The  water  companies  are  expected  to  have  so  much  storage  capacity 
for  unfiltered  water  that  they  will  not  be  obliged  to  take  in  water  at  times 
of  flood ;  but  as  a  matter  of  fact,  it  is  believed  that  they  often  do  take 
in  water  at  these  times,  although  no  records  are  kept  either  of  the  times 
when  water  is  taken  in,  or  of  the  times  when  the  sewage  is  discharged 
without  treatment.  This  is  one  of  the  cases  which  one  so  often  finds  in 
England  and  elsewhere,  where  it  is  regarded  as  safer  to  have  no  informa- 
tion than  to  keep  records.  It  should  be  said,  however,  that  no  evidence 
has  been  found  that  the  health  of  the  inhabitants  of  London  is  in  any 
way  affected  by  this  discharge  of  sewage  into  the  water  courses  from 
which  their  water  is  drawn  ;  but  this  favorable  condition  is  believed  to 
be  largely  due  to  the  great  care  with  which  all  of  the  water  is  filtered. 

The  cases  of  the  other  class  where  sewage  is  purified  to  prevent  its 
becoming  a  nuisance,  but  without  regard  to  possible  pollutions  of  water 
supplies,  are  very  numerous.  Many  years  ago  England  took  the  lead 
in  works  of  this  nature,  and  has  at  the  present  time  probably  a  larger 
number  of  works  than  are  to  be  found  in  all  the  rest  of  the  world. 

England  has  a  very  dense  population,  but  it  is  far  from  being 
equally  distributed  over  its  entire  area  Near  the  southeast  corner,  on 
the  tidal  estuary  of  the  Thames,  is  that  enormous  aggregate  of  popula- 
tion known  as  "Greater  London;"  and  in  central  England,  directly 
back  of  England's  greatest  harbor,  Liverpool,  is  a  small  area  which  has 
become  perhaps  the  most  densely  populated  of  any  region  of  its  size  on 
the  face  of  the  earth,  due  to  the  harbor  and  to  the  deposits  of  coal  and 
iron  ore  which  there  occur.  Within  a  distance  of  forty  miles  from 
Manchester  are  Liverpool,  Sal  ford,  Bolton,  Preston,  Oldham,  Blackburn, 
Huddersfield,  Birkenhead,  Leeds  and  Sheffield,  all  of  them  great  cities, 
and  a  hundred  smaller  places  which  so  completely  fill  the  intervening 
spaces  that  parts  of  the  region  have  almost  the  aspect  of  one  great  ex- 
tended city.  A  large  part  of  the  area  is  a  broken  hilly  country,  with 
steep,  although  not  high  hillsides,  between  which  are  narrow  valleys  in 
which  are  the  railroads,  mines  and  factories.  The  rivers,  as  they  are 
called,  are  but  short  streams  rising  in  the  hills  immediately  back  of  the 
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cities,  and  many  of  them  would  hardly  be  dignified  with  the  name  of 
river  in  this  country. 

With  the  great  development  of  manufacturing,  the  sewage  and 
wastes  were  at  first  discharged  directly  into  the  streams  until  they 
became  excessively  foul,  and  the  sewage  problem  was  forced  upon  them 
in  perhaps  its  most  difficult  form.  There  were  but  limited  areas  of  land 
in  the  valleys  with  elevations  which  would  allow  their  use  for  sewage 
purification,  and  even  these  areas  were  often  occupied  by  mills,  or  held 
at  high  prices  in  expectation  of  such  use,  and  the  land  itself  was,  as  a 
rule,  compact,  impervious  and  but  poorly  adapted  to  sewage  purification. 
The  conditions  in  this  region  were  probably  more  favorable  for  chemical 
precipitation,  as  against  land  treatment,  than  at  almost  any  other  place, 
and  chemical  precipitation  has  been  the  most  commonly  used  method  of 
treatment,  Leeds,  Sheffield,  Bradford,  Manchester,  Salford  and  Hudders- 
field  among  the  larger  places  using  it.  Chemical  precipitation,  however, 
although  great  improvements  have  been  made  in  the  form  of  settling 
tanks  and  in  the  methods  of  managing  them,  removes  scarcely  more 
than  one-half  of  the  organic  matters  in  the  sewage  and  never  more  than 
two-thirds,  and  the  effluents  generally  carry  on  an  average  from  two  to 
five  parts  per  hundred  thousand  of  suspended  matters  capable  of  form- 
ing deposits  in  the  streams;  and  it  has  been  found  that  effluents  purified 
to  only  this  extent  are  very  apt  to  produce  more  or  less  trouble  when 
discharged  into  such  small  streams  as  exist  in  this  region,  and  it  is 
becoming  more  and  more  apparent  that  some  more  thorough  process  will 
be  required  before  the  problem  can  fairly  be  considered  solved. 

Already  much  has  been  done  in  this  direction.  At  Sheffield  the 
effluent  is  taken  through  coke  filters  at  a  very  high  rate,  and  a  portion 
of  the  suspended  matters  in  the  effluent  is  thus  removed,  although  the 
purification  obtained  is  far  from  what  might  be  desired.  This  use  of 
coke  for  filtering  material  has  this  strong  point  in  its  favor,  that 
when  the  coke  becomes  dirty  it  can  be  burned  with  the  matters  accu- 
mulated in  it  under  the  boilers  that  are  sure  to  be  in  use  at  the  works. 
At  Huddersfield,  the  effluent  is  filtered  through  sand  and  a  patented 
substance  called  "  polarite,"  with  the  result  that  most  of  the  suspended 
matters  are  removed,  although  the  dissolved  organic  matters  hardly 
have  time  to  become  oxidized  with  the  rapid  filtration  employed. 

At  Bradford  and  at  Salford  experiments  have  been  made  on  a  con- 
siderable scale  with  rapid  filtration  through  sand  or  coke,  and  forced 
aeration  has  also  been  experimented  with  in  the  endeavor  to  find  a  pro- 
cess which  is  at  once  very  rapid  and  capable  of  yielding  effluents  com- 
parable ic  purity  to  those  obtained  from  land  treatments.  This  question 
of  further  purification  for  chemical  precipitation  effluents  is  now  being 
everywhere  discussed,  and  experimental  filters  are  to  be  found  with  a 
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surprising  frequency,  and  we  may  confidently  expect  that  the  coming 
years  will  witness  great  changes  in  the  methods  of  sewage  treatment  in 
this  locality. 

A  little  to  the  south  of  the  Manchester  district  is  Birmingham,  a 
great  manufacturing  city,  which  treats  its  sewage  first  by  chemical  pre- 
cipitation, and  afterwards  applies  the  effluent  to  a  large  area  of  meadow 
land  on  both  sides  of  the  small  river  into  which  it  eventually  finds  its 
way.  Leicester,  a  few  miles  to  the  east,  uses  substantially  the  same 
process. 

At  London  the  sewers  from  a  large  metropolitan  district  have  been 
gradually  combined  into  one  great  system,  or  rather  two  systems,  one 
for  the  north  and  one  for  the  south  side  of  the  River  Thames, 
both  of  which  are  administered  by  the  London  County  Council.  The 
conditions  here  are  in  many  respects  different  from  those  of  almost  any 
other  large  city.  The  sewage  is  carried  down  by  intercepting  sewers  to 
points  some  miles  below  the  city,  and  is  discharged  into  the  estuary  where 
there  are  very  powerful  tidal  currents  in  addition  to  the  natural  flow  of 
fresh  water  from  the  river.  Formerly  the  sewage  was  discharged  with- 
out treatment  at  these  points,  but  it  caused  so  great  a  nuisance  in  the 
river,  both  to  the  shipping  and  to  the  residents  upon  the  banks  of  the 
river,  both  below  and  above  the  points  of  discharge,  that  in  the  last 
years  works  have  been  built  to  treat  the  whole  of  it  by  chemical  pre- 
cipitation, except  the  storm  overflows. 

Although  London  is  noted  for  its  rainy  weather,  it  seldom  rains 
rapidly  there,  and  the  precipitation  is  more  apt  to  come  in  the  form  of 
a  slow  drizzle,  which  the  sewers  are  capable  of  removing,  and  the  sewage 
which  goes  to  the  river  through  the  overflows  is  much  less  than  would 
be  the  case  in  an  American  climate.  Mr.  Santo  Crimp,  formerly  in 
charge  of  the  London  Sewerage  Works,  has  estimated  that  in  the  aggre- 
gate only  about  4  per  cent,  of  the  sewage  is  discharged  untreated  into 
the  river,  the  remaining  96  per  cent,  being  treated  before  its  discharge. 

On  Continental  Europe  the  conditions  for  land  treatment  are,  as  a 
rule,  more  favorable  than  is  the  case  in  England,  and  chemical  precipi- 
tation has  gained  but  a  slight  foothold,  only  one  large  city,  Frankfort- 
on-Main  in  Germany,  employing  it,  although  it  is  used  at  a  considerable 
number  of  smaller  places  and  is  being  considered  at  Leipsic. 

In  the  early  days  of  chemical  precipitation  lime  was  commonly 
employed  as  a  precipitant,  and  where  the  sewage  contains  a  large 
amount  of  iron  and  acid  from  wire  works,  as  is  the  case  at  Leeds,  Shef- 
field and  Birmingham,  lime  answers  as  well  or  better  than  any  other 
precipitant,  but  in  other  cases  it  has  little  to  recommend  it,  and  has 
usually  been  superseded  either  by  copperas  or  by  sulphate  of  alumina, 
although  it  is  necessary  to  use  with  each  of  them  a  small  quantity  of 
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lime  to  insure  rapid  precipitation.  At  London  copperas  is  employed, 
while  other  English  cities  have  varied  their  precipitants  from  time  to 
time. 

One  of  the  serious  problems  connected  with  chemical  precipitation 
of  sewage  is  the  disposal  of  sludge,  and  in  selecting  the  precipitant  it  is 
necessary  to  consider  not  only  the  purity  of  the  effluent  which  can  be 
obtained,  but  also  the  quantity  and  character  of  the  sludge  produced  by 
it.  At  London  several  tank  ships  are  employed  which  carry  the  sludge 
out  to  sea,  each  ship  making  two  trips  daily  and  carrying  about  1,000 
tons,  of  which  90  per  cent,  is  moisture.  To  reduce  the  sludge  to  as 
small  a  volume  as  possible,  it  is  pumped  from  the  settling  tanks  into 
another  set  of  smaller  tanks  and  is  settled  over  again,  reducing  it  to 
one  third  of  its  original  volume.  From  these  the  supernatant  liquid 
flows  back  into  the  incoming  sewage  to  be  treated  over  again,  and  the 
remaining  sludge  is  run  into  the  tank  ships.  These  ships  are  of  steel 
and  have  air  chambers  in  their  bottoms  to  give  them  sufficient  buoyancy 
so  that  the  sludge  will  flow  out  through  the  openings  in  their  bottoms 
when  they  reach  the  point  of  discharge,  fifty  miles  from  the  works. 

At  Birmingham  the  sludge  is  run  upon  and  dug  into  several 
hundred  acres  of  land  with  fairly  good  results.  At  Sheffield  anel  other 
places  it  is  simply  piled  up  on  unused  land  and  given  away  for  a  fer- 
tilizer when  possible,  and  by  sprinkling  it  with  lime  and  with  chloride 
of  lime  in  summer,  it  does  not  become  an  unbearable  nuisance,  although 
this  practice  can  hardly  be  recommended.  Manchester  and  Sal  ford 
have  hoped  to  carry  their  sewage  out  to  sea,  as  is  done  at  London  by 
means  of  the  Manchester  ship  canal,  but  I  do  not  know  that  they  have 
yet  commenced  to  do  so. 

Huddersfield  and  many  of  the  newer  works  press  the  sludge  in 
filter  presses  to  solid  cakes  which  can  be  easily  handled  and  which  can 
be  applied  to  land  or  stored  without  creating  a  nuisance.  The  putre- 
faction, which  makes  sewage  and  sludge  offensive,  seems  to  require  the 
presence  of  an  excess  of  moisture,  and  when  the  moisture  is  absent,  as 
in  pressed  sludge  and  in  land  used  for  sewage  treatment,  this  putrefac- 
tion did  not  occur,  but  the  changes  which  take  place  are  of  an  inoffen- 
sive nature.  The  cost  of  pressing  is  considerable,  and  it  is  this  which 
probably  prevents  it  from  being  more  generally  adopted. 

The  shape  of  the  settling  tanks  for  chemical  precipitation  has  been 
changed  somewhat  in  the  course  of  years.  The  earlier  tanks  were 
nearly  square  and  were  often  used  intermittingly,  being  filled  with 
sewage,  allowed  to  stand  and  afterwards  emptied  and  then  filled  up 
again.  This  was  known  as  the  intermittent  process  and  has  been  almost 
everywhere  abandoned,  although  still  in  use  at  Sheffield.  In  the  con- 
tinuous process,  now  generally  used,  the  tanks  are  connected  with  each 
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other  and  the  treated  sewage  is  run  into  a  series  of  them,  passing  from 
one  to  another  until  finally  it  is  discharged.  The  newer  works,  however, 
as  a  rule  consist  of  loug  narrow  tanks  so  arranged  that  a  portion  of  the 
treated  sewage  passes  through  each  of  them  and  is  then  discharged,  so 
that  each  tank  is  entirely  independent  of  the  others.  These  tanks  are 
ordinarily  from  30  to  60  feet  wide,  but  are  occasionally  much  wider, 
and  in  length  range  from  one  or  two  hundred  to  six  and  ten  hundred 
feet.  The  bottoms  slope  rapidly  from  each  side  to  the  midde,  and  the 
middle  slopes  slightly  from  the  outlet  end  of  the  tank  toward  the  inlet, 
and  there  is  usually  a  sludge  channel  in  the  middle  a  foot  lower  than 
the  bottom,  to  insure  a  rapid  removal  of  the  sludge  when  the  tanks  are 
cleaned.  All  of  the  earlier  tanks  were  open  to  the  sky,  but  in  1884 
Lindley  built  precipitation  tanks  at  Frankfort  covered  with  a  vaulting 
with  soil  above,  laid  out  as  a  garden.  This  arrangement  prevents  any 
possible  interference  with  the  sedimentation  by  the  wind  or  by  ice,  and 
also  makes  a  much  more  attractive  appearing  place  than  the  open  tanks. 

The  settling  tanks  at  London  are  also  vaulted.  On  the  north  side 
of  the  river  the  tanks  are  only  32  feet  wide,  and  there  is  an  arched  span- 
drel wall  half  way  between  the  sides,  and  the  roof  is  made  of  two  con- 
tinuous arches  covered  with  earth  aud  with  manholes  to  furnish  light. 
It  is  stated  that  it  was  quite  as  cheap  to  build  the  tanks  in  this  way  as  it 
would  have  been  to  build  them  open,  because  the  walls  between  the 
tanks,  being  supported  at  the  top,  are  very  much  thinner  than  would 
have  been  necessary  with  open  tanks,  and  the  excavated  material  was 
placed  above  the  vaulting  without  expense  for  removing  it,  and  the 
economies  thus  affected  fully  equaled  the  cost  of  the  vaulting.  The 
more  recently  constructed  settling  tanks  on  the  south  side  of  the  river 
are  of  the  same  general  construction,  but  the  manholes  were  omitted, 
and  it  is  found  that  there  was  both  a  great  saving  in  the  cost  of  con- 
struction, and  the  work  of  cleaning  the  tanks  can  be  better  done  by 
artificial  light  throughout  than  by  the  very  irregular  light  admitted 
through  manholes. 

Vertical  settling  tanks  like  those  used  at  the  World's  Columbian 
Exposition  at  Chicago  are  occasionally  used  in  Germany,  particularly 
in  small  places,  and  are  in  some  respects  convenient,  although  the  sedi- 
mentation is  probably  less  complete  than  is  the  case  with  properly  con- 
structed horizontal  tanks.  The  famous  tanks  at  Dortmund  are  being 
replaced  by  broad  irrigation. 

In  other  parts  of  England,  where  the  population  is  much  less  dense 
than  in  the  districts  mentioned  and  where  land  for  sewage  treatment  is 
more  easily  secured,  chemical  precipitation  works  are  the  exception 
rather  than  the  rule,  and  sewage  farming  is  generally  employed  where 
sewage  requires  to  be  treated. 
21 
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On  the  continent,  Paris  first  adopted  land  treatment  for  sewage, 
many  years  ago,  but  selected  an  area  quite  near  the  city  and  which  was 
only  large  enough  to  receive  a  portion  of  her  sewage.  The  process  was 
entirely  satisfactory  as  far  as  purification  was  concerned.  No  nuisance 
was  created,  and  some  return  was  obtained  from  the  crops  on  the  capital 
invested.  There  was,  however,  no  land  suitable  and  convenient  for 
treating  the  remainder  of  the  sewage  without  going  some  miles  further 
down  the  river,  and  for  many  years  the  system  was  not  extended. 

In  the  seventies,  Berlin  took  the  matter  up  and  adopted  substan- 
tially the  same  system  which  was  then  in  use  at  Paris,  and  has  since 
extended  it  from  time  to  time  until  for  many  years  all  of  the  sewage  of 
Berlin  has  been  treated.  Berlin  with  its  immediate  suburbs  has,  at  the 
present  time,  a  population  of  nearly  two  millions,  and  is  growing  almost 
as  fast  as  Chicago,  but  the  population  is  very  compact,  and  the  sur- 
rounding country  for  many  miles  consists  of  sandy  land  in  every  way 
suitable  for  sewage  treatment,  but  too  poor  to  repay  ordinary  cultivation. 
Under  these  circumstances,  there  has  been  no  object  in  economizing  in 
the  area  of  land  used,  and  the  city  has  taken  large  areas  of  land  and 
is  extending  the  mains  to  irrigate  as  large  an  area,  as  possible  with 
sewage.  In  1893,  10,800  acres  were  in  use  receiving  on  an  average 
4,100  gallons  per  acre  daily.  The  sewage  is  all  pumped  and  treated, 
except  when  in  thunder  storms  more  rain  falls  than  can  be  carried  by 
the  sewers.  The  Spree  flowing  through  the  heart  of  the  city  is  said 
to  have  been  as  dirty  as  the  Chicago  River  is  at  the  present  time  before 
the  works  were  commenced,  but  it  has  been  so  thoroughly  cleansed  that 
one  would  hardly  suspect  it  of  having  once  been  polluted  by  sewage. 
The  irrigated  land  is  cultivated  with  some  profit  to  the  city,  and  in  good 
years,  2  per  cent,  net  profits  on  the  capital  of  about  $6,000,000  have 
been  earned. 

After  Berlin  adopted  land  treatment  for  her  sewage,  Dantzig  and 
Breslau  adopted  substantially  the  same  process,  and  more  recently 
Magdeburg  has  been  preparing  land  to  be  used  in  the  same  way,  while 
Cologne,  Hanover  and  other  cities  are  talking  of  doing  so. 

The  German  cities,  as  a  rule,  are  situated  upon  much  larger  rivers 
than  are  the  English  cities,  and  sewage  disposal  has  not  been  so  pressing 
a  problem  with  them  ;  but  on  the  other  hand  the  conditions  for  dis- 
posing of  the  sewage  upon  land  are  much  more  favorable  than  in  Eng- 
land,  and  the  expense  of  carrying  out  the  process  is  less;  and  now  that 
the  process  has  been  demonstrated  by  many  years'  trial  in  the  three 
cities  mentioned  to  be  a  practical  success,  the  Imperial  Board  of  Health, 
which  has  great  power  in  these  matters,  is  insisting  upon  the  adoption 
of  sewage  purification  in  almost  all  cases  where  important  extensions  or 
changes  in  the  sewerage  systems  are  adopted.     As  everywhere  else,  it  is 
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difficult  to  prevent  a  city  which  has  been  discharging  its  sewage  into  a 
river  from  continuing  to  do  so,  particularly  where  the  river  is  large 
enough  so  that  no  great  nuisance  is  caused.  But  when  a  city  wishes  to 
extend  its  sewerage  system,  or  increase  the  size  of  its  sewers,  and  the 
project  is  sent  to  Berlin  for  examination  and  approval,  then  the  Board 
can  take  the  position  that  the  sewage  should  be  purified,  and  it  usually 
does  so. 

Some  of  the  leading  officials  in  Berlin  having  charge  of  the  German 
rivers  were  of  the  opinion  that  all  sewage  should  be  treated  without  regard 
to  the  size  of  the  rivers  into  which  it  is  discharged,  although  a  number  of 
the  rivers,  such  as  the  Rhine,  the  Elbe  and  the  Oder,  are  so  large  that 
from  our  standpoint  it  is  hardly  possible  to  couceive  of  any  appreciably 
injurious  results  from  the  discharge  of  sewage  into  them. 

The  soils  used  for  sewage  purification  in  Germany  are  invariably 
sandy,  pervious  materials,  and  the  natural  surface  of  the  ground  is  so 
nearly  level  that  it  can  be  developed  with  a  minimum  of  expense.  The 
areas  are  usually  divided  into  separate  beds  by  low  earth  embankments, 
quite  similar  to  those  at  Framingham  and  Marlborough  in  this  State. 
The  surface  of  these  beds  is  always  cultivated,  grass,  beets,  cabbages, 
wheat,  rye,  oats  and  apple-trees  being  the  leading  crops.  Wheat  and 
oats  when  they  are  irrigated  grow  very  rankly,  and  as  the  farmers  say, 
run  to  straw,  and  good  crops  are  seldom  obtained.  Our  American  corn 
or  maize  cannot  be  successfully  grown,  because  the  summers,  and  par- 
ticularly the  summer  nights,  are  not  warm  enough,  and  the  grain  will 
not  ripen. 

Germany  is  some  degrees  farther  north  than  New  England  and  the 
winters  are  of  about  the  same  severity,  but  the  winter  nights  are  much 
longer  and  the  days  shorter,  and  it  thus  happens  that  in  the  darker  months 
of  the  year  it  is  impossible  to  distribute  all,  or  even  the  greater  part, 
of  the  sewage  over  the  land  by  daylight,  and  it  is  found  that  however 
carefully  instructions  are  given,  the  men  having  the  distribution  in 
charge  will  not  properly  perform  their  work  at  night.  To  provide  for 
this  contingency,  certain  areas  are  set  apart  ujDon  all  the  German  farms 
having  substantially  level  surfaces  and  surrounded  by  embankments 
much  higher  than  the  ordinary  embankments,  that  is  8  to  10  feet  high. 
The  areas  are  also  much  greater,  often  containing  10  or  20  acres  in  one 
lot.  During  the  long  dark  nights  of  the  fall  and  winter,  sewage  is  run 
into  these  basins,  often  filling  them  several  feet  deep.  Of  course  little 
purification  takes  place  under  these  circumstances,  but  owing  to  the  cold 
weather,  the  sewage  is  retained  pretty  nearly  in  its  original  condition, 
or  at  least  without  offensive  decompositions,  generally  covered  with  an 
ice  sheet  during  the  winter. 

As  soon  as  the  days    become    longer,  in  early  spring,  all    of  the 
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sewage  is  again  applied  to  the  land  and  these  basins  are  no  longer  used. 
The  ice  melts  and  the  pond  of  sewage  soaks  away  in  the  course  of  a  few 
weeks,  and  the  surface  of  the  land  covered  with  the  organic  matters 
which  have  been  strained  from  the  sewage,  is  exposed  to  the  air  and 
becomes  dry,  and  soon  afterwards  it  is  ploughed  under,  and  the  matters 
are  destroyed,  as  in  the  ordinary  process  of  intermittent  filtration. 
Wheat  and  oats  can  be  raised  in  these  basins  in  the  summer,  and  good 
crops  are  obtained.     No  sewage  is  ever  put  upon  them  except  in  winter. 

Paris  has  for  many  years  treated  a  portion  of  her  sewage  as  men- 
tioned above,  by  intermittent  nitration  upon  the  sandy  soil  of  about 
2,000  acres  of  land,  nearly  surrounded  by  one  of  the  broad  bends  in  the 
River  Seine,  just  below  the  city.  The  sewage  has  been  pumped  to  this 
land  from  the  main  outfall  sewer  as  needed  by  the  crops,  and  when  the 
crops  did  not  require  it,  the  sewage  has  been  discharged  untreated  into 
the  river.  In  recent  years,  only  about  20  per  cent,  of  the  sewage  has 
been  treated  ;  in  rainy  weather  and  winter  a  much  smaller  proportion, 
while  at  dry  seasons  a  larger  quantity  was  taken. 

The  condition  of  the  River  Seine,  below  the  point  of  discharge  of 
the  sewage,  has  become  extremely  foul,  and  the  city  has  recently  voted 
to  construct  an  outfall  sewer  down  to  another  and  larger  area  of  land 
in  the  next  bend  of  the  river  below  that  now  used,  and  to  treat  the  rest 
of  its  sewage  there.  This  outfall  sewer  involves  the  construction  of 
three  siphons  under  the  Seine,  and  the  purchase  of  25,000  acres  of  land, 
which  will  give  the  city  an  ample  area  upon  which  to  purify  all  of  its 
sewage.     The  estimated  cost  of  this  work  is  $6,000,000. 

At  Paris,  as  in  the  English  sewage  farms,  the  embankments  be- 
tween the  beds  are  a  much  less  conspicuous  feature,  and  one  of  the  most 
common  methods  of  applying  sewage  is  to  have  the  land  in  ridges  and 
furrows,  the  sewage  being  turned  into  the  furrows,  while  vegetables  and 
other  crops  are  raised  upon  the  ridges  which  are  never  covered  by  the 
sewage.  Of  course  it  is  necessary  at  certain  points  to  have  embank- 
ments to  prevent  the  sewage  from  running  over  the  surface  into  the  river, 
but  these  are  reduced  to  a  minimum. 

There  are  some  unusually  interesting  sewage  disposal  problems  in 
some  of  the  Dutch  cities.  Rotterdam  is  situated  upon  the  Maas,  which 
is  really  the  main  outlet  of  the  River  Rhine,  with  its  enormous  flow 
from  the  mountains  in  the  south  of  Germany  and  in  France  and  Switz- 
erland, and  in  addition  there  are  strong  tidal  currents,  so  that  the  city 
has  no  difficulty  in  disposing  of  its  sewage.  Amsterdam  and  The  Hague, 
however,  are  not  situated  upon  rivers,  but  only  upon  the  intricate 
system  of  canals  which  intersects  a  large  part  of  Holland.  Streets,  as  a 
rule,  are  three  or  four  feet  higher  than  the  water  in  the  canals,  and  the 
houses  are  built  ujjon  foundations  about  even  with  the  streets,  and  there 
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are  no  cellars.  There  is  often  a  canal  between  every  two  streets,  and  in 
the  few  cases  where  it  is  omitted,  it  is  in  any  case  but  a  short  distance  from 
any  part  of  the  city  to  some  canal.  It  has  been  the  custom  ever  since 
the  memory  of  man  to  discharge  all  sewage,  garbage  and  other  wastes 
into  the  canals  direct.  This  has  resulted  in  the  canals  becoming  ex- 
tremely foul  and  sources  of  much  complaint. 

The  conditions  have  been  somewhat  improved  by  constructing  con- 
siderable reservoirs,  which,  regulated  by  means  of  gates  and  used  in 
connection  with  the  tides,  allow  considerable  currents  to  be  maintained 
in  most  of  the  canals,  and  in  this  way  the  conditions  have  been  main- 
tained without  becoming  excessively  bad.  The  limits  of  this  system  of 
flushing  have,  however,  been  nearly  reached,  and  it  is  apparent  that 
some  further  treatment  will  be  required.  Several  of  the  leading  Dutch 
engineers  are  exerting  their  ingenuity  to  see  how  a  series  of  sewers  can 
be  constructed  for  The  Hague,  but  the  problems  of  ground  water,  canal 
crossings  and  pumping  stations  are  really  very  serious. 

In  Amsterdam  a  portion  of  the  central  part  of  the  city  has  been 
for  some  years  sewered  on  the  Liernur  system.  This  system,  which 
many  of  you  will  remember,  was  much  talked  about  some  years  ago, 
and  was  thought  by  many  to  afford  a  solution  of  the  sewerage  problem. 
It  consists  of  a  system  of  iron  pipes  in  which  a  partial  vacuum  is  main- 
tained, and  into  which  sewage  matters  are  passed  without  water,  and  the 
material  is  drawn  in  a  concentrated  form  to  a  pumping  station,  where  it 
is  distilled  with  lime,  giving  off  ammonia,  which  is  condensed  in  acid 
to  form  an  ammonium  salt  which  is  sold,  and  the  residue  is  dried  and 
compressed  into  cakes,  which  have  some  value  as  a  fertilizer. 

At  the  present  time  about  62,000  people  are  connected  with  this 
system  in  Amsterdam,  and  about  six  tons  of  ammonium  sulphate  are 
produced  per  week,  which  partially  pays  for  the  cost  of  operation. 
The  system  is  being  slowly  extended  to  other  parts  of  the  city,  although 
perhaps  it  is  too  soon  to  state  that  it  is  the  definitely  adopted  plan  of 
the  city,  and  developments  may  be  awaited.  This  is  altogether  the 
largest  plant  upon  the  Liernur  system,  and  possesses  very  great  interest 
to  those  only  familiar  with  the  water-carried  system  of  sewerage. 

The  question  as  to  the  dilution  which  it  is  necessary  to  give  a  sew- 
age or  a  sewage  effluent  iu  order  to  prevent  the  creation  of  a  nuisance, 
is  a  most  interesting  one.  Unfortunately,  statistics  as  to  the  flow  of 
streams  at  the  points  where  they  pass  various  cities  are  extremely  diffi- 
cult to  obtain,  and  even  in  those  cases  where  statements  are  available 
there  i3  often  a  question  as  to  the  exact  conditions  under  which  the 
gaugings  were  obtained,  and  as  to  whether  the  results  are  comparable 
writh  corresponding  statements  for  other  places. 

The  flow  of  rivers,  however,  is  in  a  measure  proportional  to  the 
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areas  of  the  watersheds  from  which  they  flow,  and  these  watersheds 
can  be  measured  with  ease  and  with  comparative  accuracy.  The  flow, 
and  particularly  the  minimum  flow,  in  which  we  are  especially  interested, 
of  course  depends  upon  the  rainfall,  and  its  distribution  throughout  the 
different  seasons  of  the  year,  as  well  as  upon  the  climate  and  the  geolog- 
ical character  of  the  watershed.  But  after  making  due  allowance  for 
differences  of  this  nature,  the  comparative  figures  for  the  areas  of  water- 
sheds are  more  satisfactory  than  any  records  of  gaugings  which  could  be 
obtained  for  all  the  numerous  points  in  which  we  are  interested. 

In  the  following  table  are  given  the  names  of  a  number  of  cities 
having  interesting  sewage  disposal  problems,  and  their  populations,  as 
given  in  the  last  census  for  1890  or  1891,  as  the  case  may  be,  together 
with  the  rivers  on  which  they  are  situated,  and  their  drainage  areas 
measured  from  the  points  at  which  sewage  is  discharged  into  them,  and 
in  the  last  column  the  areas  of  the  drainage  areas  per  thousand  of  popu- 
lation. The  areas,  with  one  or  two  exceptions,  have  been  measured  from 
maps  and  are  only  approximations. 


City. 


Manchester  ... 

Salford 

Brussels     .... 

Leeds 

Sheffield    .    . 
Brad lord    .... 
Huddersfield     .    . 
Chemnitz  .    .    . 

London  

Glasgow         ... 

Berlin 

Munich 

Leipsic 

Brunswick     .    .    . 

Paris 

Hanover    .... 

Breslau 

Frankfort- on-Main 


Irwell. 

Senne. 
Aire. 
Don. 
Aire. 


Thames. 

Clyde. 

Spree. 

Tsar. 

Elster. 

Use. 

Seine. 

Leine. 

Oder. 

Main. 


Population. 


198,136 
500,343 
477,000 
367,506 
324,243 
216,361 
95,422 
138,955 

4,211,056 
658,198 

1,578,685 
348,000 
355,485 
100,883 

2,447,957 
163,100 
335,174 
179,850 


Drainage  Area. 


290 

340 
310 
320 

220 

102 

160 

4,900 

800 

3,800 

1,200 

1,700 

600 

16,000 

2,000 

8,500 

9,500 


Square 
Miles  per 
1,000  Of 
Popula- 
tion. 


0.41 

0.72 
0.84 
0.99 
1.02 
1.06 
1.15 
1.16 
1.22 
2.40 
3.45 
4.80 
6.00 
6.50 
12.30 
25.50 
53.00 


Manchester  and  Salford,  on  the  opposite  sides  of  the  Irwell,  dis- 
charge their  sewage  into  it  at  nearly  the  same  point,  after  treating  it  by 
chemical  precipitation. 

The  population  given  for  Brussels  includes  suburbs  more  populous 
in  the  aggregate  than  the  city  itself,  and  it  is  probable  that  only  a  part 
of  them  are  connected  with  the  sewers.     The  sewage  is  not  treated  and 
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the  river  is  extremely  foul  below  the  city.  The  river  has  been  straight- 
ened and  arched  over  through  the  central  part  of  the  city,  and  a  boule- 
vard has  been  built  over  it,  and  intercepting  sewers  on  either  side  of  it 
are  carried  down  to  a  point  below  the  city,  at  which  the  sewage  is  dis- 
charged. 

At  Leeds  the  sewage  is  treated  by  chemical  precipitation  before 
being  discharged  into  the  Aire,  and  at  Bradford  also,  the  sewage  is 
precipitated  and  discharged  into  a  brook  just  above  its  junction  with 
the  Aire,  but  the  drainage  area  given  is  that  of  the  Aire  below  the 
junction  of  the  brook. 

Sheffield  aud  Huddersfield  treat  their  sewage  by  chemical  precipi- 
tation and  follow  the  treatment  with  rapid  filtration. 

The  rivers  mentioned  above  have  been  among  the  most  grossly 
polluted  rivers  in  Europe,  and  notwithstanding  the  efforts  that  have 
been  made  to  purify  the  sewage,  they  are  in  far  from  satisfactory  condi- 
tion, although  it  seems  probable  that  the  large  amount  of  cloudy 
weather,  and  absence  of  extremely  hot  weather  in  England  in  summer, 
at  once  have  a  tendency  to  maintain  larger  minimum  flows,  and  are  less 
favorable  to  the  offensive  decompositions  that  would  be  expected  in  a 
hotter  climate  and  drier  atmosphere. 

Chemnitz  discharges  its  sewage  without  treatment  into  the  small 
stream  which  flows  through  it,  and  a  serious  nuisance  is  created  which 
will  probably  be  corrected  in  the  near  future.  The  stream  has  quite  a 
rapid  fall,  and  it  is  perhaps  this  fact  which  has  made  the  discharge  of  so 
much  sewage  possible. 

At  London  and  Glasgow,  the  sewage  is  discharged  into  estuaries, 
where  there  are  powerful  tidal  currents,  in  addition  to  the  flows  of  fresh 
water,  which  render  comparison  of  them  with  inland  cities  impossible. 
At  London,  the  sewage  is  treated  by  chemical  precipitatiou,  and  a  simi- 
lar treatment,  followed  by  rapid  filtration,  has  recently  been  put  in  oper- 
ation to  treat  a  portion  of  the  sewage  of  Glasgow. 

At  Berlin,  the  condition  of  the  Spree  became  very  offensive  in  the 
early  seventies,  when  the  population  Avas  only  half  as  great  as  at  pres- 
ent, and  the  drainage  area  per  thousand  of  population  was  consequently 
twice  as  great.  Since  that  time,  the  sewage  has  been  treated  by  broad 
irrigation,  and  the  river  is  now  in  good  condition. 

At  Munich,  the  sewage  is  discharged  untreated  into  the  river  Isar, 
and  has  caused  no  serious  nuisance.  The  river,  however,  has  its  origin 
in  the  Alps,  and  has  a  large  flow  and  a  rapid  fall,  so  that  the  conditions 
for  the  discharge  of  crude  sewage  are  unusually  favorable. 

At  Leipsic,  the  untreated  sewage  has  created  a  serious  nuisance, 
and  will  be  treated  at  an  early  date.  BrunsAvick  and  Hanover  do  not 
treat  their  seAvage,  but  probably  will  apply  it  to  the  land  in  the  near 
future. 
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At  Paris,  the  Seine  has  become  extremely  foul,  notwithstanding  its 
large  drainage  area  and  the  fact  that  part  of  the  sewage  has  been  treated. 
Deepening  the  river  to  allow  the  passage  of  ships  of  considerable 
draft  has  reduced  the  velocity  of  the  current,  and  made  the  condi- 
tions more  favorable  for  the  formation  of  deposits  of  sewage  matter,  with 
the  decompositions  which  accompany  them. 

At  Breslau,  the  sewage  has  been  treated  for  many  years  by  apply- 
ing it  to  land,  and  the  river  has,  so  far  as  I  know,  never  been  in  bad 
condition.  Water  taken  from  the  river  is  used  for  public  water  supply 
by  at  least  two  large  cities  down  the  river. 

At  Frankfort-on-Main  the  sewage  is  treated  by  chemical  precipita- 
tion before  being  discharged  into  the  artificial  harbor  which  has  been 
constructed  by  building  a  dam  at  a  little  distance  below,  and  by  deep- 
ening the  channel  opposite  the  city. 

While  the  data  given  in  the  table  are  perhaps  hardly  adequate  to 
•serve  as  a  basis  for  final  conclusions,  they  are  interesting  as  showing  the 
discharge  of  crude  sewage  without  nuisance  into  a  rapid  mountain 
stream,  having  only  3.5  square  miles  of  drainage  area  per  thousand  of 
population,  while  the  discharge  of  sewage  into  smaller  streams  propor- 
tionally, has  always  resulted  in  the  production  of  a  nuisance,  and  other 
streams  drawing  their  water  from  flat  prairie  country  and  with  sluggish 
flows,  have  become  offensively  polluted,  although  their  drainage  areas 
were  equal  to  6  or  8  square  miles  per  thousand  of  population,  and 
one  can  readily  see  that  in  a  region  like  the  western  part  of  the  Missis- 
sippi basin,  where  rivers  go  nearly  or  entirely  dry  in  summer,  sewage 
might  cause  a  nuisance  even  though  the  watershed  was  enormously 
greater  proportionally  than  the  above  figures.  We  also  see  that  cities 
have  grown  up  upon  rivers  so  small  as  to  furnish  less  than  half  a  mile 
of  drainage  area  per  thousand  of  population,  and  while  in  these 
cases,  by  giving  the  greatest  attention  to  the  thoroughness  of  the  purifi- 
cation of  the  sewage  before  discharging  it,  rivers  can  be  kept  in  fairly 
good  condition,  the  problem  is  a  difficult  one  and  requires  the  utmost 
and  continued  care  to  keep  the  streams  even  in  reasonably  good  con- 
dition. 

In  conclusion,  the  trend  of  the  best  European  practice  in  sewage 
disposal  is  strongly  toward  the  treatment  or  purification  of  sewage  in  all 
cases  before  it  is  discharged  into  rivers,  with  the  exception  of  very  large 
rivers,  and  at  points  where  there  are  strong  tidal  currents.  The  tendency 
is  to  use  land  treatment  wherever  the  local  conditions  are  reasonably 
favorable,  as  the  effluents  produced  in  this  way  are  of  much  greater 
purity  than  can  be  obtained  by  any  chemical  or  mechanical  processes, 
and  the  cost  is  ordinarily  less.  Where  the  local  conditions  are  such  as 
to  preclude  the  employment  of  land  treatment,  chemical  precipitation  is 
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used,  but  although  material  improvements  have  been  introduced  in  the 
construction  of  settling  tanks  and  in  the  methods  of  applying  chemicals, 
it  is  not  possible  to  produce  effluents  of  sufficient  purity  to  be  discharged 
into  the  smaller  rivers  without  creating  more  or  less  complaint,  and  the 
tendency  is  strongly  to  follow  chemical  precipitation  in  such  cases  by  a 
rapid  filtration  through  some  material  which  will  remove  substantially 
all  of  the  remaining  suspended  matters,  and  will  allow  at  least  a  por- 
tion of  the  soluble  organic  matters  to  become  oxidized. 


MECHANICAL  ANALYSES  OF  SAMPLES  OF  MATERIALS  FROM 
CERTAIN  EUROPEAN  AND  AMERICAN  SEWAGE  FARMS. 

COLLECTED  BY   THE   AUTHOR. 

(For  methods  of  analyses  see  Report  of  Massachusetts  State  Board  of  Health 
tor  1892,  page  541.) 


Effective  Size, 

loid 
Parts 

9  by 
t. 

Location. 

Description  of  Samples. 

10  per  cent. 
finer  than : 

Uniformity 

Coefficient. 

2  9  g-S 

(Millimeti  rs). 

<  I.H 
<< 

Berlin, 

Surface  soil  where  it  had 

Malchow  Farm. 

recently  been  ploughed. 
Subsoil  two  feet  deep  at 

0.12 

5.6 

34. 

same  place. 

0.12 

3.4 

33. 

(<             ii 

Surface  soil  not  recently 

ploughed. 

0.12 

2.2 

90. 

u                    « 

Subsoil  two  feet  deep  at 

same  place. 

0.13 

2.7 

31. 

Berlin, 

Grossbeeren  Farm. 

Surface  soil  in  actual  use. 

From  a  sand  bank   near 
by      representing     the 
original     unused     ma- 

0.15 

2.0 

26. 

terial. 

0.15 

1.8 

1. 

Breslau. 

Subsoil    one    foot    below 
surface  of  sewage  field 

in  use. 

0.24 

1.9 

2. 

Paris. 

Surface  soil  from  sewage 

fields  in  use. 

0.13 

5.9 

64. 

Framingham,  Mass. 

Sand  from  sewage  filters. 

0.35  to  0.42 

4. 

to  5. 

Marlborough,  Mass. 

a             ii     '        ii 

0.12 

3. 

to  4. 

Gardner,  Mass. 

ii             ii             ii 

0.10  to  0.24 

6. 

to  14. 

Brockton,  Mass. 

<i             ti             ii 

0.30  to  0.60 

2. 

to  5. 

Poughkeepsie,  N.  Y. 

Sand  from  sewage  filters 

at  Vassar  College. 

0.10  to  0.50 

2. 

to  5. 

0.  to  2. 

Plainfield,  N.  J. 

Sand  from  sewage  filters. 

0.10  to  0.25 

2. 

to  5. 

0  to  3. 

Pullman,  111. 

Soil  from  sewage  farm. 

0.01 

15. 

225. 
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SOLID  FLOOR   BRIDGES  FOR   RAILROADS  AND   HIGH- 
WAYS. 


By  Frank  C.  Osborn,  Member  of  the  Civil  Engineers'  Club  of  Cleveland. 


[Read  before  the  Club,  November  12,  1895.*] 

The  term  "  Solid  Floor,"  as  applied  to  railroad  bridges,  is  here  used 
to  distinguish  the  various  types  of  continuous  metal  floors,  as  made  up 
of  plates  and  angles  and  other  s}>ecial  shapes,  from  the  ordinary  open 
floor  of  timber  cross-ties  laid  on  longitudinal  stringers  or  joists  of  Avood 
or  iron. 

A  highway  bridge  floor  must  necessarily  be  continuous  and,  in  that 
sense,  solid  ;  but  this  paper  refers  to  such  types  as  might  perhaps  be 
better  called  "  permanent  "  floors  to  distinguish  the  various  forms  of 
floors  adapted  to  the  use  of  brick,  stone  block,  asphalt  or  macadam  pav- 
ing, as  opposed  to  the  more  common  floor  of  one  or  two  thicknesses  of 
plank  laid  on  wood  or  iron  joists. 

The  use  of  solid  floors  for  railroad  bridges  has  increased  largely  in 
the  past  few  years,  and  has  been  brought  about  by  various  considerations, 
among  which  may  be  mentioned  the  following: — 

(1)  The  elevation  of  tracks  in  the  larger  cities  requires  as  shallow 
floors  as  possible,  in  order  to  give  suitable  clearance  over  streets,  and 
this  can  best  be  accomplished  by  the  use  of  all-metal  floors.  A  closed 
floor  is  also  necessary  to  prevent  the  falling  into  the  street  of  coals, 
ashes,  etc.,  from  passing  trains.  It  is  also  desirable  as  affording  better 
protection  in  case  of  derailment. 

(2)  The  solid  floor  is  also  used  to  give,  as  near  as  practicable,  the 
same  rigidity  and  permanency  as  the  ballasted  road-bed  and  a  perfect 
support  to  trains,  whether  on  or  off  the  track. 

The  first  solid-floor  bridges  for  railway  or  highway  purposes  were 
doubtless  those  of  masonry  arches,  and  it  would  appear  that,  with  the 
exception  of  a  few  of  the  earliest  and  crudest  of  the  bridges  of  history,, 
bridges  with  solid  floors  were  the  first  used,  and  that  the  lighter,  open 
and  less  expensive  floors  now  so  common,  particularly  in  this  country, 
are  of  more  recent  origin. 

Following  through  the  early  history  of  bridge  construction,  masonry 
arches  of  various  forms,  cast-iron  arches,  etc.,  the  first  bridge  built  with 
a  solid  floor  as  we  now  understand  the  term,  seems  to  have  been  the 
famous  Britannia  tubular  bridge,  built   in   1845,  Robert   Stephenson,. 
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engineer.  The  total  length  of  this  structure  is  1511  feet,  and  the  weight 
9360  tons.  It  cost  £601,865,  or  £64.3  per  ton,  equivalent  to  about  14 
cents  per  pound.  Drawings  of  this  bridge  are  not  easily  attainable,  but 
the  sketch  (Plate  I,  Fig.  1),  gives  a  good  idea  of  the  arrangement  of  the 
floor.  It  consists  of  built  stringers  covered  top  and  bottom  by  plates, 
the  upper  plates  supporting  the  rails  on  wooden  longitudinal  sleepers 
and  rail  chairs.  This  solid  floor  was,  however,  incidental,  as  its  first 
duty  was  to  act  as  a  bottom  chord.  The  Britannia  Bridge  is  still  in 
service ;  a  monument  of  the  first  bold  departure  from  the  then  existing 
methods  of  bridge  construction. 

From  that  time  to  within  the  past  twenty  years  it  is  difficult  to  find 
many  specific  examples  to  show  the  progress  in  solid  metallic  floors. 
There  seems  to  have  been  but  little  interest  taken  in  their  design,  and, 
though  the  English  even  at  that  time  used  solid  floors  almost  exclusively, 
there  seems  to  have  been  but  little  variety  in  the  forms  and  devices  used. 
Cast-iron  decking  plates  of  various  forms  were  used  for  many  years. 
Mr.  Mallet's  invention  of  buckled  plates,  somewhere  about  1861,  marks 
an  interesting  advance,  and  seems  to  be  the  first  special  form  of  wrought 
iron  devised  for  flooring  purposes.  Prof.  Rankine  mentions  this  in  his 
Civil  Engineering. 

The  Severn  Bridge,  of  the  Severn  &  Wye  and  Severn  Bridge 
Railway,  was  commenced  in  1875  and  opened  in  1879.  The  following  is 
a  description  of  the  floor :  "  The  top  and  bottom  chords  of  the  span  are 
connected  by  vertical  members  which  carry  the  cross  girders.  Small 
longitudinal  girders  between  the  cross  girders  support  the  rails,  and  the 
floor  is  made  of  plate  iron  decking." 

The  New  Tay  Bridge  was  built  between  1881  and  1887,  to  replace 
the  older  bridge,  which  had  failed  in  December,  1879.  The  plans  for 
this  bridge  were  approved  in  1881,  and  included  a  trough  floor  of  the 
form  shown  (Plate  I,  Fig.  2).  Cross  girders  were  used  over  the  piers, 
but  elsewhere  they  were  dispensed  with.  The  floor  troughs  rest  on  the 
bottom  flanges  of  the  girders  and  are  riveted  by  means  of  angles  to  a 
continuous  web  forming  part  of  the  bottom  chord.  The  troughs  are 
filled  with  ash  and  cinder  ballast,  and  the  cross-ties  are  laid  therein, 
spaced  rather  closely  together. 

This  appears  to  have  been  the  first  form  of  trough  floor  designed, 
and  following  it  a  large  number  of  different  forms  were  devised,  some  of 
them  patented,  and  used  on  various  bridges.  Conspicuous  among  these 
is  Lindsey's  floor  (Plate  I,  Fig.  3),  a  form  which  has  found  great  favor 
both  in  Europe  and  America,  and  one  still  frequently  used.  The  draw- 
ing shows  a  floor  for  a  short  plate  girder  bridge,  using  the  "  C  Max." 
troughs  laid  transversely  and  intended  to  be  used  with  rail  resting  on  a 
longitudinal  sleeper  bolted  to  the  tops  of  the  troughs.     This  section  has 
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a  moment  of  resistance  of  198.9  inch  tons,  and  weighs  32.97  pounds  per 
square  foot  of  floor.  The  largest  form  rolled  is  shown  in  the  small 
sketch.  This  form  has  a  moment  of  resistance  of  1325.15  inch  tons,  and 
weighs  56.76  pounds  per  square  foot. 

In  1887  Mr.  Edmund  Olander  read  an  exceedingly  interesting 
paper  before  the  Society  of  Engineers,  entitled  "Bridge  Floors,  Their 
Design,  Strength  and  Cost."  In  this  paper  Mr.  Olander  discussed  all 
the  principal  forms  that  had  appeared  up  to  that  time,  reducing  them  to 
a  common  depth  and  weight  per  square  foot  of  actual  area  covered,  and 
determining  their  comparative  strengths  and  costs.  Some  of  the  more 
interesting  forms  are  shown  on  Plate  I,  Fig.  5.  Of  these,  No.  1  was  an 
ideal  section  introduced  by  Mr.  Olander  for  comparison.  No.  4  is  a  form 
made  by  Messrs.  Braithwaite  &  Kirk,  patentees,  West  Bromwitch,  and 
used,  some  two  years  ago,  by  Mr.  Copperthwaite,  M.  I.  C.  E.,  on  the 
southern  section  of  the  North  Eastern  Railway,  for  a  bridge  of  64  feet 
sjDan.  A  form  similar  to  No.  4  was  used  on  the  Tower  Bridge,  London, 
the  principal  difference  from  the  form  illustrated  being  the  elimination 
of  the  joint  and  line  of  rivets  at  the  bottom  of  trough,  making  a  com- 
plete trough  of  each  piece  and  jointed  with  one  line  of  rivets  at  the  upper 
part  only.  No.  5  is  Baillie's  patent  floor.  No.  6  will  be  recognized  as 
the  general  shape  of  trough  floor  so  much  in  use  in  America  during  the 
past  five  or  six  years,  and  it  is  interesting  to  note  that  for  the  dimensions 
used  by  Mr.  Olander  for  comparison  with  the  other  forms,  he  finds  this 
to  rank  lowest  in  his  list  of  ten  sections  discussed,  it  having  the  largest 
number  of  rivets  and  the  lowest  moment  of  resistance.  One  other  form 
discussed  by  Mr.  Olander  is  the  Lindsey  floor,  described  above ;  the 
others  of  the  ten  are  uninteresting  in  comparison  with  these,  and  have 
been  but  little  used. 

Later,  Hobson's  Patent  Floor  appeared  (Plate  I,  Fig.  6),  com- 
posed of  several  forms  of  bent  plates  connected  by  tees  and  made  water- 
tight by  a  filling  of  asphalt  in  the  V-shaped  channels.  The  sketch 
shows  the  floor  as  adopted  for  the  Liverpool  Overhead  Railway,  six 
miles  in  length,  and  built  within  the  past  three  or  four  years.  Messrs. 
Greathead  and  Fox,  in  a  paper  before  the  Inst.  C.  E.  (Vol.  CXVII, 
pp.  51-70),  gives  the  following  description  of  the  flooring : 

"  Between  the  girders  (the  main  girders  of  the  viaduct),  is  fixed 
Hobson  arched-plate  flooring,  consisting  of  T%-inch  plates,  bent  to  a 
radius  of  12  inches,  with  a  flat  surface  6  inches  wide  on  the  top,  riveted 
to  intervening  tee  bars,  and  made  water-tight  by  asphalt  placed  in  the 
vee-channels  between  the  arches.  Upon  this  are  laid  longitudinal  creo- 
soted  sleepers  keyed  to  the  flooring,  and  no  ballast  is  used.  From  each 
vee-channel  an  outlet  for  water  is  provided  through  the  web  of  one 
of  the  main  girders,  discharging  into  a  light  cast-iron  gutter  carried 


SOLID  FLOOR  BRIDGES  FOR  RAILROADS  AND  HIGHWAYS.     235 

along  the  outside  of  the  main  girder,  which  conveys  the  water  to  a  rec- 
tangular down  pipe  fixed  to  the  columns  and  delivering  into  the  drains  or 
gutters  below.  This  flooring  combines  great  strength  with  lightness  and 
minimum  of  riveting,  while  the  load  is  more  evenly  distributed  along 
the  main  girders  than  is  the  case  where  cross  girders  are  employed, 
and  great  lateral  stiffness  is  secured  without  horizontal  bracing.  The 
flooring  is  practically  water-tight,  and  after  twelve  months'  test  under 
traffic  has  not  shown  any  defects.  In  order  to  ascertain  the  strength  of 
the  floor,  some  sections  were  tested  to  destruction,  and  the  deflections  at 
each  increase  of  load  carefully  tabulated  with  the  following  results : 

"Test: — Three  sections  of  floor  measuring  7  feet  6  inches  in  width  ;  span  22 
feet,  ends  resting  upon  supports  ;  load  distributed  over  four  points  corresponding 
with  the  positions  of  the  rails. 

Load,  Tons.  Deflection  at  Center. 

30 Nil 

35 J  inch 

40 A    " 

50 A     " 

60 |     " 

70  i*     " 

/u i^ 

80 li      " 

DO 1^      " 

ioo ia    " 

110 2       inches 

"The  floor-plates  ultimately  collapsed  by  a  total  rupture  of  the  tee- 
bars  at  163  tons,  and  with  a  deflection  of  10  inches. 

"  In  the  preliminary  stages  of  manufacture  of  the  floor  considerable 
difficulty  was  experienced.  The  plates  were  heated  in  a  furnace  and 
were  bent  in  a  hydraulic  press  by  dies  to  the  required  form,  but  it 
was  found  that  in  cooling  the  extreme  ends  curled  upwards  and  spread 
outwards.  After  many  trials,  and  by  giving  the  dies  a  "  set "  in  oppo- 
site directions,  and  by  fixing  the  plates  in  a  simply  constructed  frame  to 
cool,  truth  and  uniformity  in  the  shape  of  the  plates  was  eventually 
secured.  The  rivet  holes  along  both  edges  of  the  plates  were  then 
drilled  simultaneously  by  special  machinery.  The  system  was  brought 
to  such  perfection,  that  from  a  single  heating  oven  and  press,  and  from 
one  drilling  machine,  occasionally  45  plates,  or  sufficient  to  floor  the  via- 
duct for  a  length  of  112  feet,  were  turned  out  daily,  bent,  drilled  and 
ready  for  fixing.  At  the  final  operation,  344  plates  were  pressed  in  six 
days  by  one  gang  of  men.  When  they  were  ready,  bent  and  drilled,  a 
tee-bar  was  riveted  between  them  at  their  springing.  The  rivets  were 
closed  up  by  means  of  machine  riveters,  both  heads  being  easily  accessible 
from  the  under  side.  The  rivets  were  put  in  by  each  machine  at  the  rate 
of  400  per  hour." 
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The  following  description  of  the  solid  floor  on  the  Forth  Bridge, 
begun  1882,  completed  1890,  is  taken  from  Engineering  News  : 

"  The  bridge  carries  a  double  track  railway,  and  each  line  of  rails  is  laid 
in  a  trough  built  up  of  plates  and  angles  forming  a  guard  on  each  side  of 
each  rail  (Plate  I,  Fig.  8).  The  tracks  were  laid  with  rails  of  bridge 
section,  weighing  120  pounds  per  yard,  and  about  28  feet  long.  They 
are  secured  to  teak  longitudinals  by  screw  spikes  8  inches  long,  which 
pass  through  the  flanges  of  the  rail.  The  longitudinals  are  about  12 
inches  by  6  inches  in  section,  and  are  kept  in  line  by  horizontal  wedges 
driven  between  them  and  the  sides  of  the  troughs,  which  prevent  the 
use  of  transverse  connections.  At  joints  and  some  other  places  a  filling 
of  vertical  creosoted  pine  blocks  is  used,  making  a  good-looking  piece  of 
work,  and  being  very  safe  in  case  of  derailment.  It  is  not  to  be  put  in 
continuously,  however,  partly  on  account  of  the  cost,  and  partly  as  it 
would  prevent  inspection  of  parts  of  the  iron  work  of  the  trough.  The 
timbers  rest  upon  a  continuous  bearing  of  wooden  blocks  with  pitch  fill- 
ing. The  floor  is  of  buckle  plates  with  holes  to  let  off  the  water.  There 
is  no  ballast.  The  floor  seems  to  be  very  rigid  and  without  sufficient 
provision  for  cushioning  the  vibrations  started  by  trains.  The  trains 
make  a  harsh  metallic  sound  and  a  jarring  in  passing  over  the  bridge 
and  this  noise  and  uneasy  jarring  are  unpleasantly  noticeable  in  riding 
in  the  cars.  The  change  is  very  pronounced  when  the  train  runs  into 
the  embankment  approach,  where  the  track  is  laid  with  the  same  rails 
on  longitudinals,  with  transoms,  in  broken  stone  ballast;  the  train  then 
riding  smoothly  and  quietly." 

All,  or  nearly  all,  of  the  English  railways  use  solid  floors  exten- 
sively on  their  bridges.  The  Great  Western  Railway  uses  troughs  laid 
transversely  and  filled  with  ballast.  Trough  floors  are  also  used  on  the 
Great  Eastern  Railway,  notably  on  that  part  not  far  from  the  Liverpool 
Street  terminus  where  the  track  is  elevated  on  brick  viaducts  with  plate 
girder  bridges  across  the  streets. 

The  great  bridge  over  the  Mersey  at  Runcorn  has  an  iron  floor, 
with  angle  iron  guard  rails  on  each  side  of  and  at  some  distance  from 
the  track  rails,  forming  a  wide  trough. 

When,  between  1886  and  1890,  the  London  &  Southwestern  Rail- 
way widened  its  line  to  accommodate  two  more  lines  of  track,  and 
replaced  its  oldest  cast-iron  bridges  with  girders,  a  trough  floor  was  used 
on  the  bridges  of  the  form  described  in  connection  with  the  Tower 
Bridge,  London,  resting  on  the  bottom  flanges  of  the  girders.  The 
troughs  were  made  eight  inches  deep,  of  2-inch  metal,  which  received 
two  coats  of  Stockholm  tar  after  they  were  placed  in  position,  and  then 
filled  with  a  mixture  of  tar  and  gravel. 

The  rails  are  supported   on    longitudinal  timbers,  18  inches  by  7 
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inches,  secured  to  the  floor  troughs  by  angles.  To  carry  off  the  surface 
drainage,  there  is  a  1-inch  hole  in  each  trough,  close  to  the  connection 
-with  the  central  girder,  this  girder  being  set  \\  inches  low,  and  a 
wrought-iron  girder  is  riveted  to  the  soffit  of  the  flooring,  and  carried 
to  the  abutments,  whence  the  water  is  conveyed  to  the  street  sewer  by  a 
down  pipe  built  in  a  chase. 

These  works  are  very  completely  described,  and  results  of  tests  of 
the  flooring  given  in  a  paper  by  Mr.  Alfred  Weeks  Szlumper,  before  the 
Inst.  C.  E.  (see  Vol.  CV1I,  pp.  287-304). 

The  writer  has  lately  had  called  to  his  attention  a  new  English 
floor  known  as  Knight's  Improved  Steel  Floor  Plate.  This  form  was 
patented  October  16,  1894,  and  is  intended  for  use  on  all  kinds  of 
bridges  as  well  as  for  warehouse  floors,  etc.  The  drawing  (Plate  I,  Fig.  7) 
shows  its  method  of  application  longitudinally  for  a  railroad  girder 
bridge,  but  it  can  be  placed  in  any  position,  with  troughs  running  longi- 
tudinally or  transversely,  and  either  side  up.  The  inventor  claims  the 
combined  advantages  of  both  trough  and  buckle  plate  forms. 

The  Swiss  Northeastern  Railway  has  in  use  several  bridges  with 
solid  trough  floors.  The  type  is  shown  by  the  drawing  (Plate  ],  Fig.  4). 
The  troughs  are  used  both  transversely  and  longitudinally,  the  form  of 
trough  being  decidedly  different  from  others.  One  distinguishing  feature 
of  these  bridges  is  the  method  of  carrying  the  ballast  uninterruptedly 
from  bank  to  bank.  This  mode  of  construction  is  found  to  make  the 
structures  from  10  per  cent,  to  15  per  cent,  heavier  and  more  expensive, 
but  on  the  other  hand  their  vibrations  are  reduced  almost  to  a  mini- 
mum. The  troughs  rest  on  flat  straps  of  iron  §£  inch  high  and  about 
2  inches  wide,  fastened  to  the  tops  of  the  floor  beams  by  countersunk 
rivets.  These  straps  serve  to  protect  the  angles  of  the  floor  beams  from 
being  bent  downward  from  strains  on  the  troughs,  and  also  to  transmit 
the  live  loads  to  the  floor  beams  axially.  On  both  sides  of  the  track, 
sheets  of  iron  are  placed,  resting  against  the  gusset  plates  connecting 
the  floor  beams  with  the  main  girders.  The  box  thus  formed  receives 
the  ballasting  to  the  height  of  12  inches  above  the  tops  of  the  troughs. 
The  ballast  rests  upon  a  solid  layer  of  concrete,  which  covers  the 
troughs  entirely.  A  very  strong  and  heavy  cross-section  of  trough  is 
used,  the  width  of  foot  being  12  inches,  height  5  inches,  weight  per  yard 
62.5  pounds,  material,  mild  steel. 

A  peculiar  solid  floor  on  a  single  track  railway  bridge  in  Germany 
is  described  in  the  Centralblati  der  Bauerwaltung  by  Reinhard  Goer- 
ing.  The  transverse  girders  are  connected  by  five  stringers  which  are 
covered  by  trough  plates  filled  with  concrete.  The  concrete  is  covered 
in  turn  by  asphalt,  forming  a  firm  bed  for  a  course  of  corrugated 
galvanized   iron.     The  corrugations  are  6   inches  wide  and  18  inches 
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deep,  running  across  the  bridge.  On  this  is  gravel  ballast  confined  at 
the  sides  by  metal  plates,  forming  an  inclined  curb.  The  drainage 
water  percolates  through  the  gravel  to  the  corrugated  iron,  and  thence 
by  longitudinal  sheet-zinc  troughs  to  the  earth  back  of  the  abutments. 
The  total  cost  of  the  floor  is  said  to  be  95  cents  per  square  foot. 

Solid  floors  are  used  extensively  in  India,  many  forms  being  in  use. 
Some  of  the  older  brick  arches  were  repaired  by  making  a  solid  floor 
of  old  rails  laid  lengthwise  and  covered  by  at  least  9  inches  of  ballast. 
Some  buckle-plate  and  trough-shapes  are  used,  and  Messrs.  Dorman, 
Long  &  Co.,  Limited,  of  Middlesborough,  England,  illustrate  a  special 
shape  of  troughing  in  their  hand-book  of  steel  sections  for  use  on  the 
Indian  State  Railways.  It  is  very  like  the  form  used  on  the  Tower 
Bridge  in  London,  and  described  above. 

In  America,  solid  floors  for  railroad  bridges  were  not  introduced 
extensively  until  within  a  comparatively  recent  period.  It  is  true,  a 
few  bridges  were  built  with  floors  which  would  be  properly  considered 
in  this  history,  although  not  included  precisely  within  the  term  as 
generally  used  in  connection  with  railroad  bridges,  since  they  were 
used  not  so  much  for  the  reasons  now  so  seriously  considered  as  to 
obtain  a  bridge  floor  safe  against  fire,  or,  on  short  spans,  to  cheapen  the 
cost  of  the  floor  by  omitting  the  common  form  of  floor-beams  and 
stringers. 

As  early  as  1874,  small  bridges  were  built  with  a  floor  of  old  rails 
laid  crosswise  directly  upon  the  top  chords  of  the  girders  or  trusses,  and 
covered  with  ballast  in  which  were  bedded  the  ties.  Several  such 
bridges  still  exist  and  give  satisfaction.  A  number  of  rail  floors  were 
laid  on  the  New  York  Central  about  1874  and  later,  consisting  of  old 
rails  laid  lengthwise,  directly  upon  the  abutments  of  short  spans,  and 
close  together  for  12  feet  in  width.  Upon  these  were  placed  one  foot 
of  gravel  ballast  and  the  track  laid  directly  thereon. 

There  is  a  peculiar  metal  floor  on  the  N.  Y.  &  N.  E.  R.  R.  bridge 
over  the  N.  Y.  C.  &  H.  R.  R.  R.  tracks,  at  Fishkill.  K  Y.,  which, 
while  it  cannot  be  properly  classed  as  a  solid  floor,  is  interesting  in  con- 
nection with  rail  floors.  It  consists  of  built  floor-beams  and  stringers 
of  usual  construction,  but  instead  of  using  wooden  ties,  old  rails,  planed 
on  the  ball,  are  placed  across  the  stringers  upside  down,  and  held  in 
position  by  bent  plates  riveted  to  the  top  flanges  of  the  stringers  and 
bolted  to  the  webs  of  the  rails.  Upon  these  the  track  and  guard  rails 
(the  latter  also  of  railroad  rails)  are  laid  and  fastened,  and  lines  of 
T6F-inch  deck  plates  are  laid  between  the  track  and  guard  rails  and  for  a 
width  of  14  inches  inside  of  the  track  rails  on  each  side. 

For  a  number  of  years,  also,  wooden  trestles  have  been  in  use  on 
some  of  our  railroads,  with  solid  wooden  floors  covered  with   ballast. 
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For  illustration,  the  type  of  wooden  trestle  used  in  many  places  on  the 
Southern  Pacific  Railway  is  shown  on  Plate  III,  Fig.  7.  This  type  of 
floor  has  been  used  nn  this  road  since  1887.  Mr.  Julius  Kruttschnitt,  to 
whom  the  writer  is  indebted  for  plan  and  description  of  the  floor,  says  : 

"These  ballasted  structures  are  built  of  creosoted  timber  only, 
which  we  treat  at  our  own  wood-preserving  works  near  Houston.  Their 
cost,  for  heights  varying  from  4  to  12  feet,  is  from  $8.00  to  $8.50  per 
lineal  foot,  built  under  traffic,  the  lower  cost  applying  to  trestles  of  four 
or  more  panels,  and  the  higher  to  trestles  of  less  than  four  panels. 

"  We  have  never  experienced  the  least  want  of  better  drainage,  or 
any  lack  of  stiffness,  as  you  can  well  imagine  from  the  substantial 
character  of  the  floor. 

"  Perhaps  the  best  manner  in  which  to  illustrate  our  faith  in  this 
style  of  floor,  would  be  to  state  that  on.  January  1,  1895,  we  had  some 
45,730  lineal  feet  of  these  structures  in  our  main  line  of  1200  miles, 
and  from  the  time  of  their  inception  to  the  present  time,  we  have  spent 
nothing  on  them  for  ordinary  repairs. 

"  The  durability  of  these  structures  depends,  in  the  main,  upon  the 
life  of  the  creosoted  timber  used  in  their  construction,  and  whilst  this 
life  is  not  within  the  range  of  our  own  experience,  we  are  led  to  believe 
from  the  experience  of  others  that  we  can  conservatively  count  on 
twenty  years,  at  least." 

Several  other  railroads  have  wooden  trestles  with  solid  ballasted 
floors.  The  Houston  and  Texas  Central  Railroad  has  a  standard  type 
of  trestle  differing  somewhat  from  that  of  the  Southern  Pacific.  Eight 
lines  of  7  x  14  inch  stringers  are  placed  on  the  caps  of  the  bents,  and 
are  covered  with  2  x  12  inch  planking  14  feet  long,  laid  crosswise. 
4x6  inch  longitudinal  pieces  are  bolted  to  the  ends  of  the  planking  to 
catch  the* ballast.  The  track  is  laid  in  the  ballast  in  the  ordinary 
manner.  This  type  is  also  built  of  creosoted  timber,  and  the  average 
cost  is  $8.50  per  lineal  foot. 

The  Illinois  Central  Railroad  has  also  used  solid  floor  trestles  on 
some  of  its  southern  divisions,  built  of  black  and  red  cypress  without 
creosoting.  Their  life  is  estimated  at  twelve  years.  The  general  design 
of  the  floor  is  very  much  like  that  of  the  Southern  Pacific  type. 

Mr.  Wolcott  C.  Foster,  in  his  book  on  "  Wooden  Trestle  Bridges," 
illustrates  a  solid  floor  pile  trestle,  with  ballasted  road-bed,  used  on 
the  Louisville  and  Nashville  Railroad.  The  Richmond,  Fredericks- 
burg and  Potomac  Railroad  also  uses  a  ballasted  wooden  floor  on 
trestles  as  a  protection  against  fire  and  to  deaden  the  noise.  Mr.  E.  T. 
D.  Myers,  in  writing  of  this  floor,  says  :  "  Our  experience  goes  to  show 
that  the  supporting  wooden  stringers  are  quite  as  durable,  if  not  more 
so,  under  such  treatment." 
22 
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A  noticeable  point  in  all  these  wooden  floors  is  the  absence  of 
guard  rail  of  any  kind,  the  track  being  laid  and  maintained  in  the  bal- 
last precisely  the  same  as  upon  other  parts  of  the  road. 

Some  time  in  1887,  Mr.  George  S.  Morison  prepared  plans  for  his 
bridge  across  the  Willamette  River.  The  conditions  surrounding  its 
construction  were  such  that  a  very  stiff  and  permanent  floor  must  be 
designed  with  very  scant  depth.  Mr.  Morison  went  across  the  water  for 
his  idea,  and  adopted  the  Lindsey  trough  for  the  floor  of  this  bridge, 
using  a  section  about  12  inches  deep.  This,  so  far  as  the  writer  is  able 
to  determine,  is  the  first  instance  of  a  solid  metal  trough  floor  used  in 
America.  Later,  in  designing  a  bridge  in  Omaha,  Mr.  Morison  had 
occasion  to  use  a  solid  floor  in  order  that  the  tracks  might  be  laid  upon 
it  in  any  position  and  that  a  tight  floor  over  the  street  might  be  ob- 
tained. He  prepared  patterns  for  a  trough  shape  similar  to  that  used 
upon  his  Willamette  bridge,  and  the  troughs  were  rolled  by  the  Pencoyd 
Iron  Works.  This  appears  to  have  been  the  origin  of  the  "  Pencoyd 
Section"  still  so  frequently  used,  and  to  account  for  the  similarity 
between  this  section  and  the  earlier  design  of  Lindsey's  floor  in  England. 

Shortly  after  this,  or  in  1888,  the  New  York  Central  began  its 
work  of  building  solid  trough  floors  for  bridges  and  covering  them  with 
ballast,  thus  obtaining  a  continuous  ballasted  track  from  bank  to  bank. 
This  road  is  conceded  to  have  been  the  first  to  adopt  solid  metal  floors 
as  a  standard,  and  appears  to  have  adopted  this  standard  in  compliance 
with  a  law  enacted  in  the  State  of  New  York,  on  November  1,  1887, 
providing  that  floor  systems  shall  be  maintained  on  all  bridges  so  con- 
structed as  to  support  a  derailed  locomotive  or  cars.  The  first  of  these 
to  be  built  was  bridge  No.  547  on  the  Mohawk  and  Hudson  Division, 
and  the  form  of  ballasted  trough  adopted  for  that  case  is  essentially  the 
same  that  has  been  most  extensively  used  ever  since  on  this  road,  con- 
sisting of  plates  and  angles  forming  parallel  square  troughs,  in  which 
are  placed  the  ties  on  ballast. 

The  drawings  (Plate  II,  Figs.  1  and  2)  show  two  types  of  floors 
used  on  their  shorter  spans.  The  first  is  Pencoyd's  Section  No.  209, 
weighing  24.8  pounds  per  square  foot.  This  is  said  to  be  the  cheaper 
form  for  small  openings.  The  other  form  is  their  standard  square 
trough.  The  drawing  shows  the  floor  on  the  four-track  bridge  over  the 
165th  Street  sewer.  The  total  length  is  24  feet,  clear  span  21  feet,  and 
2  feet  depth  of  floor.  The  cost,  including  ballast,  etc.,  was  $500  per 
track,  equivalent  to  about  $21  per  lineal  foot  of  single  track. 

The  Oriskany  Bridge,  on  this  road,  was  built  in  1889  and  carries  a 
solid  floor  of  the  square  trough  pattern  suspended  by  angle  hangers  from 
a  stiff  bottom  chord.  This,  like  most  of  the  others,  is  ballasted.  The 
floors  of  the  longer  spans  are  built  with  the  troughs  running  transversely 
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instead  of  longitudinally,  as  shown  on  the  drawings  representing  the 
shorter  spans. 

The  New  York  Central  is  now  finishing  a  large  bridge  and  viaduct 
approach  over  the  Harlem  River,  using  the  same  square  troughs,  but  in 
this  case  they  expect  to  rest  the  rails  directly  upon  the  troughs,  fasten- 
ing them  on  rail-plates  by  means  of  a  special  clip.  On  the  approach, 
also,  the  design  has  been  slightly  changed  in  detail  to  facilitate  field 
riveting  by  increasing  the  width  of  the  top  horizontal  plate  at  the  field 
splices  of  the  floor  and  turning  the  corresponding  angle  into  the  trough. 
This  does  away  with  so  much  field  riveting  through  the  floor. 

In  the  summer  of  1889,  Mr.  A.  F.  Robinson,  then  in  the  employ  of 
Mr.  E.  L.  Corthell,  designed  the  solid  floors  for  the  Clyde  crossing  of 
the  Chicago,  Madison  &  Northern  Railroad  over  the  tracks  of  the 
Chicago,  Burlington  &  Quincy  Railroad,  near  Chicago.  This  was  also 
a  square  trough,  12  inches  deep,  resting  upon  shelf  angles  riveted  to  the 
stiff  bottom  chord  of  the  pin-connected  truss,  or  to  the  web  of  the 
girders,  just  above  the  flange.  By  this  design  a  total  depth  from  base 
of  rail  to  bottom  of  structure  of  only  18  inches  was  obtained.  Shelf 
angles  were  riveted  at  intervals  in  the  troughs  6  inches  below  the  tops, 
and  the  8-inch  ties  rested  upon  these  angles,  thus  clearing  the  rail 
2  inches  above  the  iron  work. 

The  New  York,  Providence  &  Boston  Railroad  began  giving  atten- 
tion to  metalic  solid  floors  about  1889.  Their  bridge  No.  69  at 
Saundersville,  Mass.,  was  built  during  the  summer  of  that  year.  It 
consists  of  Pencoyd  Section  No.  209,  57.9  pounds  per  yard,  filled  with 
asphalt  and  ballast.  Several  other  cases  might  be  noted  where  one  or 
the  other  of  these  two  forms  of  trough,  viz.,  the  square  trough  of  plates 
and  angles  and  the  Pencoyd  Section,  were  used  previous  to  1890,  but  up 
to  that  date  there  seems  to  have  been  no  other  form  applied. 

But,  that  American  engineers  were  rapidly  waking  up  to  the  great 
advantage  and  many  merits  of  solid  metal  floors  for  railroad  bridges,  is 
evident  from  the  greatly  increased  space  given  to  their  consideration  in 
the  engineering  papers  from  this  time  on,  and  by  the  following  extract 
from  President  Wm.  P.  Shinn's  annual  address  before  the  convention  of 
the  American  Society  of  Civil  Engineers  in  1890 : 

"The  subjoct  of  bridge  floors  is  one  which  has  long  needed  more 
careful  attention,  and  it  is  gratifying  to  observe  that  the  New  York 
Central  has  awakened  to  its  importance,  and  is  now  building  or  refitting 
many  of  the  short-span  bridges  with  solid  buckle  plate  or  plate-iron 
floors,  upon  which  the  ballast  is  carried  uninterruptedly.  Every  experi- 
enced engineer  of  maintenance  of  way  knows  how  extremely  difficult  it 
is  to  secure  and  maintain  such  perfection  of  surface  that  the  transitions 
from  ballast  to  track  on  wooden  bridge  floors  and  vice  versa  shall  be 
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smooth  and  without  shock.  This  difficulty  is  avoided  by  the  character 
of  floor  adopted  by  the  New  York  Central.  Its  advantage  in  case  of 
derailment  was  shown  on  November  12,  1889,  when  five  cars  of  the 
west-bound  freight  train  left  the  rails  and  dragged  across  the  new  Erie 
Canal  Bridge  at  Rome,  which  had  been  provided  with  a  floor  of  this 
character.  The  cars  were  scattered  all  over,  two  having  their  trucks 
pulled  from  under  them  ;  the  ties  and  road-bed  were  torn  up  so  that  it 
looked  as  if  the  company  had  been  trying  to  run  one  train  on  two 
tracks,  but  no  damage  was  done  to  the  bridge.  It  is  plain  that  true 
economy  calls  for  construction  of  this  character,  where  it  is  possible, 
or  where,  as  is  being  done  by  the  Pennsylvania  Railroad  Company,  it  is 
not  found  practicable  to  replace  the  iron  bridges  with  stone  arches." 

From  this  time  forward,  other  forms  rapidly  came  into  use,  and 
new  designs  or  modifications  of  older  ones  appeared  in  rapid  succession 
as  the  details  of  construction  for  various  needs  and  special  cases  were 
worked  out  by  different  minds. 

Mr.  Robinson  read  a  paper  before  the  American  Society  of  Civil 
Engineers  in  September,  1892,  presenting  a  design  for  a  solid  trough 
floor.  His  object  was  to  obtain  a  shallow  floor  of  the  most  acceptable 
pattern,  and  he  adopted  a  square  trough  of  plates  and  angles,  dif- 
fering only  in  detail  from  that  which  he  used  in  the  design  of  the  Clyde 
Viaduct,  already  described.  He  uses  a  pin-connected  span  without  the 
stiff  bottom  chord  and  connects  his  troughs  by  bent  plate  hangers  to  an 
auxiliary  plate  girder  which  is  fastened  to  the  posts  below  the  lower 
chord  pins.  He  uses  wooden  ties  resting  on  bent  plate  shelf  supports  in 
the  troughs.  Mr.  Robinson  gives  the  following  reasons  for  adopting  the 
square  trough  of  plates  and  angles : — 

"First.  For  through  bridges  the  box  floor  must  be  suspended  (on 
account  of  scant  head-room),  which  makes  vertical  webs  necessary. 

"  Second.  A  .floor  is  required  in  which  the  width  and  depth  of  the 
boxes  can  be  easily  varied. 

"  Third.  In  section  No.  4  (see  No.  2  of  Fig.  5,  Plate  I),  there  are 
channel  bars,  the  price  of  which  is  usually  controlled  by  a  pool.  In 
section  No.  5  (see  No.  3  of  Fig.  5,  Plate  I),  there  are  Z-bars  which  are 
not,  at  present,  rolled  as  deep  as  necessary  for  our  floor." 

Mr.  Geo.  H.  Thomson,  in  discussing  the  above  paper,  presented 
drawings  of  several  forms  of  metal  floors  used  by  him  in  various  bridges. 
One  of  them  is  of  interest  here,  being  different  from  those  thus  far  dis- 
cussed. It  consists  of  Pencoyd  Section  No.  260,  connected  by  horizon- 
tal plates,  the  troughs  thus  formed  are  riveted  to  the  top  flanges  of  the 
main  girders  and  the  bottoms  filled  with  asphalt  concrete  laid  to  drain 
to  the  center,  the  concrete  covered  with  stone  ballast  six  inches  deep 
between  tops  of  troughs  and  bottoms  of  the  wooden  ties.  Mr.  Thomson 
says  of  this  form  : — 
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"  Some  difficulty  is  experienced  in  making  the  troughs  fit  the 
girders,  owing  to  the  stretch  of  the  former  after  manufacture." 

The  discussion  of  Mr.  Robinson's  paper  also  brought  out  the  sug- 
gestion of  a  new  form  of  trough  which,  though  it  has  never  been  used,  is 
worthy  of  mention.  Mr.  Barbour  wrote  to  the  Engineering  Record, 
under  date  of  September  29,  1892,  suggesting  a  floor  of  channels  and 
plates  (Plate  II,  Fig.  10),  claiming  economy  in  such  a  form.  In  a  later 
eommunication  Mr.  W.  Bleddyn  Powell  says : — 

"I  would  respectfully  urge  in  place  of  such  a  section  one  composed 
of  Z-bars,  as  the  distribution  of  metal  in  the  entire  section  would  then 
be  equal,  whereas  with  the  section  proposed  the  spaces  back  of  the  chan- 
nels would  require  for  the  bottom  plates  a  section  50  per  cent,  or  75  per 
cent,  greater  than  those  forming  the  top  chord  over  the  flanges  of  the 
channels.  The  necessity  of  built-up  sections  for  use  in  bridge  floors, 
other  than  those  contained  in  the  mill  books,  does  not  seem  to  me  to  be 
of  special  interest  or  importance." 

In  a  still  later  letter  Mr.  Barbour  defends  his  channel  section, 
stating  that  it  can  be  used  to  greater  depths  than  Z-bars. 

About  this  time  (1892),  there  was  built  the  plate  girder  bridge 
carrying  the  New  York,  Providence  &  Boston  Railroad  into  the  station 
at  Worcester,  Mass.,  iucluding  a  floor  very  different  from  anything  that 
had  yet  been  devised.  This  floor,  shown  on  Plate  II,  Fig.  3,  was  de- 
signed and  patented  by  Mr.  J.  R.  Worcester,  Chief  Engineer  of  the 
Boston  Bridge  Works.  It  consists  of  a  series  of  parallel  V-shaped 
troughs  of  plates  and  angles  running  transversely  and  connected  to  the 
webs  of  the  girders  by  angles  and  brackets.  Along  the  center  line  of 
the  bridge,  the  floor  is  stiffened  by  V-shaped  plates  fitting  into  the 
troughs  and  secured  by  angles,  as  shown  in  the  small  sketch  accompany- 
ing the  drawing.  The  troughs  are  filled  with  concrete  to  a  height  of 
5  inches  above  their  tops,  upon  which  is  laid  the  ballast  and  track  in  the 
usual  manner. 

All  the  bridges  of  the  Adirondack  &  St.  Lawrence  Railroad  have 
solid  floors,  those  under  10  feet  span  having  rail  floors,  from  10  feet  to 
34  feet  having  longitudinal  troughs,  and  over  34  feet  span  transverse 
troughs.  The  Trenton  Falls  bridge  on  this  road  is  a  three-span  struc- 
ture, completed  during  the  winter  of  1892-93,  the  central  span  being 
100  feet  in  length  and  fitted  with  the  square  form  of  trough  already 
described.  The  other  two  spans  are  shorter  and  have  a  different  type 
of  floor  trough,  shown  on  Plate  II,  Fig.  5.  It  consists  of  a  trough  simi- 
lar to  the  other  but  shallower  and  built  without  the  vertical  plates,  the 
vertical  legs  of  the  angles  being  long  enough  to  be  riveted  directly 
together. 

Few  of  the  floors  up  to  this  time  had  been  especially  designed  to  be 


244  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

water-tight  so  as  to  be  suitable  for  overhead  street  crossings.  In  some 
cases  this  had  been  effected,  but  the  conditions  had  not  been  many  where 
such  were  required.  But  as  soon  as  solid  floors  began  to  be  contem- 
plated in  connection  with  designs  for  the  abolition  of  grade  crossings  in 
cities,  the  problem  of  water  tight  bridge  floors  provided  with  proper 
drainage  naturally  arose  and  became  an  important  one. 

Among  the  first  to  build  a  system  of  overhead  bridges  was  the 
Illinois  Central  Railroad,  when,  during  1892  and  1893,  that  road  carried 
out  its  great  task  of  elevating  its  main  tracks  within  the  city  limits  of 
Chicago.  The  form  of  floor  adopted  for  these  bridges  was  the  Pencoyd 
Section,  chiefly  because  that  was  the  only  suitable  ready  rolled  shape, 
and  limited  time  prevented  the  consideration  of  other  more  complicated 
forms.  These  trough  floors  are  6  inches  deep  and  all  rest  on  shelf 
angles  riveted  to  the  webs  of  the  girders.  The  successive  changes  in  the 
method  of  laying  the  track  on  these  floors  and  the  reasons  determining 
these  changes  are  very  interesting. 

The  original  plan  for  bridges  not  over  13  feet  wide,  center  to  center 
of  girders,  contemplated  putting  asphalt  in  the  troughs  and  placing  the 
ties  upon  this.  But  the  heavy  traffic  during  the  World's  Fair  prevented 
this  from  being  accomplished  either  at  first  or  afterward,  so  that  for  over 
a  year  the  tracks  were  operated  with  the  ties  resting  directly  on  the 
lower  part  of  the  troughs  without  any  cushion,  just  as  they  were  tem- 
porarily placed  at  first.  During  this  time  the  accumulation  of  sandr 
gravel  ballast,  cinders,  etc.,  around  and  under  the  ties  was  assisting 
immensely  in  the  rusting  process,  and  during  1894  the  tracks  were  raised 
and  the  ties  placed  on  the  upper  part  of  the  troughs.  This  is  the  present 
state  of  these  floors,  leaving  the  metal  free  to  be  cleaned  and  painted 
when  necessary,  and  always  exposed  so  that  no  rust  can  escape  discovery. 

A  different  method  of  laying  the  track  on  bridges  wider  than  13 
feet,  center  to  center,  consists  of  fastening  the  rail  to  longitudinal  stringers 
by  Marshall  clips,  the  stringers  being  about  4  inches  high  and  placed 
between  two  8-inch  deck  beams  riveted  to  the  floor,  thus  forming  an  inner 
and  outer  guard  rail.  This  design  is  so  worked  out  that  the  rail  is 
insulated  on  wooden  bearings,  etc.,  so  that  an  electric  signalling  appar- 
atus will  work  automatically  with  a  track  circuit. 

Still  another  way  that  the  Illinois  Central  is  using  this  same  trough, 
though  of  deeper  section,  is  to  cover  it  with  ballast  to  a  depth  of  2  inches 
over  the  upper  parts  and  lay  the  ties  and  rails  thereon  without  guard 
rail. 

These  floors  are  all  provided  with  drainage  holes  through  the 
troughs  at  each  end,  near  the  girder  connection  ;  and  the  original  plan 
included  the  placing  of  gutters  under  the  girders  leading  to  down  spouts 
near  the  column  supports  where  the  floors  were  used  over  streets. 
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The  Gaspee  and  Promenade  streets  bridges  of  the  Boston  and 
Providence  Railroad,  near  the  Providence  station,  were  completed  in  the 
fall  of  1894.  The  shape  of  the  floor  used  is  shown  on  Plate  II,  Fig.  4, 
and  was  a  complete  departure  from  any  existing  patterns.  The  condi- 
tions surrounding  the  construction  of  these  bridges  required  a  possible 
change  in  the  location  of  the  tracks  after  completion,  and  this  condition, 
together  with  the  large  area  of  the  bridge,  made  it  impossible  to  so 
treat  the  structure  as  to  shed  water  at  the  ends  or  sides.  To  support 
the  assumed  loads  a  series  of  troughs  10  inches  deep  was  required.  The 
deepest  available  rolled  troughs  with  tight  bottom  at  that  time  being 
only  6  inches,  and  even  this,  having  awkward  features  in  shop  construc- 
tion, led  to  the  design  adopted.  The  inventors  and  patentees  of  this 
floor  are  Messrs.  George  B.  Francis  and  E.  P.  Dawley.  The  particular 
merits  claimed  for  their  floor  are :  (1)  Simplicity  in  rolling;  (2)  adap- 
tability to  power  riveting ;  (3)  elimination  of  difficulty  in  accurate 
spacing,  center  to  center  of  shapes ;  (4)  smooth  base  on  which  to  rest; 
(5)  avoidance  of  rivet  holes  in  bottom  or  tension  flange  when  treated  as 
a  girder  ;  (6)  water-tight  bottom,  and  (7)  a  variability  in  height  within 
reasonable  limits  while  preserving  all  of  the  other  features.  The  shapes 
are  so  placed  that  the  water  collected  in  the  troughs  is  discharged  at  the 
ends,  where  they  rest  on  shelf  angles  on  the  webs  of  the  intermediate 
longitudinal  box  girders,  and  flows  into  gutters  and  down  spouts  placed 
for  the  purpose. 

The  Chicago  and  Northwestern  Railway  adopted  a  floor  differing 
again  from  existing  styles.  It  was  designed  by  Mr.  Louis  H.  Evans  and 
consists,  as  shown  on  Plate  II,  Fig.  7,  of  floor  beams  built  of  a  vertical 
plate  and  two  channels  10  inches  deep,  with  heavy  top  and  bottom  plate 
forming  an  I- section  and  connected  to  the  main  girders  by  the  ordinary 
gusset  plates.  Upon  these  beams  is  laid  plate-decking  T\  inch  thick. 
The  rails  are  carried  on  wooden  blocks  laid  in  trough  stringers  built  of 
a  plate  and  angles,  the  angles  forming  a  built  Z-bar.  It  was  originally 
intended  to  use  Z-bars  in  this  place,  but  the  plan  was  afterward  changed 
to  the  one  shown.  The  troughs  are  not  water-tight,  having  no  bottom 
plate  except  at  the  ends,  where  a  short  plate  is  riveted  through  the 
bearing  plate  to  the  shelf  angle  to  furnish  end  bearing  for  the  rail 
blocks.  These  blocks  raise  the  rails  to  clear  the  top  plates  of  the  beams, 
but  no  provision  appears  to  have  been  made  to  hold  them  firmly  in 
place.  Outside  the  trough  a  continuous  angle  is  riveted  to  the  plate- 
decking  to  serve  as  a  guard-rail. 

The  Denver  &  Rio  Grande  Railroad  has  lately  gotten  out  a  standard 
shallow  floor  for  girders  that  is  in  principle  somewhat  like  that  of  the 
Northwestern  floor.  The  floor,  designed  by  Mr.  J.  C.  Bland,  is  shown 
on  Plate  II,  Fig.  6.     It  is  designed  for  the  heaviest  engine  concentra- 
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tions,  and  the  details  have  been  worked  out  with  care.  In  this  floor  also, 
there  are  floor  beams  of  plates  and  channels,but  in  this  case  they  are 
placed  backs  outward  with  two  cover  plates  over  the  top  and  angles  riv- 
eted to  the  lower  part  of  the  webs  to  support  the  troughs.  The  entire 
width  of  the  bridge  is  covered  by  these  longitudinal  troughs  built  of  Z-bars 
5  inches  deep,  connected  by  horizontal  plates  above  and  below.  The 
bottom  plates  of  the  troughs  stop  short  of  the  connection  angles  and 
within  the  trough  at  this  point  a  short  angle  is  riveted  to  the  lower  flange 
of  the  Zs,  thus  leaving  a  slot  i  inch  by  3?  inches,  through  which  the 
drainage  water  escapes.  The  troughs  are  filled  with  bituminous  con- 
crete nearly  level  with  the  tops  of  the  ties,  or  even  with  the  tops  of  the 
short  check  angles  mentioned  above.  The  ties  rest  directly  upon  the 
troughs  and  are  not  dapped  down  upon  them,  but  the  guard  rail,  instead 
of  being  dapped  over  the  ties  in  the  usual  manner,  is  let  down  upon 
them  by  dapping  ties  and  guard  rail  each  one  inch.  Ties  and  guard 
rail  are  then  bolted  down  upon  the  troughs. 

The  Lake  Shore  &  Michigan  Southern  and  the  Chicago,  Rock 
Island  &  Pacific  Railways  have  been  doing  considerable  work  during 
the  past  two  years,  requiring  the  use  of  water-tight  solid  floors,  in  the 
elevation  of  their  tracks  within  the  city  of  Chicago.  At  first  the  form 
of  floor  used  was  practically  the  same  as  that  so  generally  in  use  on  the 
New  York  Central :  viz.,  square  troughs  built  of  plates  and  angles.  The 
depth  of  this  floor  is  lO-i  inches  and  the  troughs  are  spaced  21 2  inches 
center  to  center.  The  flooring  fits  between  the  lower  chord  flanges  of 
the  girders  with  a  clearance  of  one  inch  on  each  side  for  drainage,  and 
its  under  side  is  on  a  level  with  the  bottom  of  the  girder  flange.  The 
floor  is  reinforced  at  the  ends  and  provided  with  plates  and  angles  which 
rest  on  the  vertical  legs  of  the  girder  flange  angles  and  rivets  to  the  web 
of  the  girders.  It  is  also  stiffened  against  the  girders  with  gusset  plates 
and  angles  riveted  to  the  tops  of  the  corrugations  and  the  vertical  web 
stiffeners.  Upon  the  floor,  and  riveted  to  it  through  the  reinforced 
angles  on  each  side  of  every  corrugation,  are  rail  plates  under  each  rail, 
and  the  rails  are  fastened  directly  to  those  plates  by  special  clips.  Gut- 
ters to  catch  the  drainage  water  are  placed  under  each  girder,  leading 
to  down  spouts  at  the  column  supports  emptying  into  the  street  gutters. 

But  during  the  past  year  the  design  has  been  entirely  changed  and 
all  the  bridges  built  within  the  past  year  have  been  supplied  with  a  very 
different  floor.  It  consists  (see  Plate  II,  Fig.  8),  of  10-inch  by  33- 
pound  I-beams  cut  at  the  ends  to  an  angle  of  about  60  degrees,  with  9i- 
inch  by  TVinch  hanger  plates  riveted  to  each  end  in  the  shop  by  means 
of  angle  lugs  riveted  to  the  webs.  These  floor  beams  are  riveted  to  the 
girders  in  the  field  with  five  rivets  connecting  each  hanger  to  the  web, 
and  with  two  rivets  to  one  of  the  bottom  cover  plates  of  the  main  girder, 
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made  wider  for  this  purpose,  for  side  stiffness.  A  continuous  sheet  of 
T%-mch  steel  plates  is  placed  upon  the  floor  beams  aud  riveted  to  them. 
It  is  riveted  to  the  sides  of  the  girders  with  a  continuous  seam  through 
the  angle  irons,  provided  and  spliced  at  the  joints  with  5-inch  by  f-inch 
lap  plates  placed  below  the  surface.  The  girders  are  cambered  f  inches 
and  the  drainage  is  from  the  center  to  the  ends  of  the  bridge,  aud  at  each 
end  the  sheet  covering  is  finished  with  an  angle  iron,  and  provided  with  a 
gutter  of  1-inch  sheet  steel,  which  drains  into  a  groove  cut  into  the  coping 
of  the  masonry  and  from  there  into  the  earth  fill  behind  the  abutments. 

Upon  the  plate  covering  of  the  floor,  and  riveted  to  it  and  the  floor 
beams,  are  laid  the  rail  plates  and  angle  guard  rail.  The  rail  plates  are 
alternately  arranged  for  rail  fastenings  and  for  rail  bearings  only.  The 
rails  are  fastened  to  these  rail  plates  by  means  of  special  close-fitting 
clips  bolted  snugly  to  place. 

Both  the  foregoing  plans  were  designed  by  Mr.  Albert  Lucius, 
Consulting  Engineer. 

Of  late  the  New  York  Central  has  also  adopted  a  similar  floor  as 
a  standard  for  through  girder  bridges.  In  their  plan,  however,  the 
beams  are  connected  directly  to  the  webs  of  the  girders  by  heavy  angles 
and  they  are  covered  with  plates  only  between  the  guard  rails,  which 
are  made  of  angles  laid  each  side  of  each  rail,  flaring  out  at  the  ends  of 
the  bridge.  The  rails  are  held  in  place  by  a  similar  clip  and  are  sepa- 
rated from  the  metal  work  by  indurated  fibre,  thus  insulating  them  for 
electric  signalling  purposes. 

The  writer  has  lately  had  occasion  to  design  a  solid  floor  for  a 
system  of  elevated  tracks  over  street  crossings,  which  is  illustrated  by 
Fig.  9,  Plate  II.  This  floor  consists  of  transverse  beams  of  I-section 
built  up  of  3-inch  by  3-inch  angles  and  12-inch  web  plates,  and  extending 
the  full  width  of  the  bridge.  These  beams  are  connected  to  the  girders 
by  means  of  6-inch  by  6-inch  angles  which  rivet  to  the  wreb  plates  of  the 
beams  and  directly  to  the  main  girders  without  the  aid  of  gusset  plates. 
On  top  of  the  beams  continuous  floor  plates  are  riveted,  making  an 
unbroken  water-tight  deck.  The  rails  are  attached  directly  to  the  iron 
work,  resting  on  bearing  plates  about  £  inch  thick  and,  when  necessary 
for  insulating  purposes,  indurated  fibre  plates  may  be  placed  between 
the  rails  and  the  J-inch  bearing  plates.  The  floor  plates  with  their 
splices  are  placed  lengthwise  of  the  bridge,  so  that,  with  the  assistance 
of  the  camber  or  the  grade  or  both,  the  water  may  drain  to  the  ends  of 
the  bridge  and  there  be  taken  care  of  by  properly  arranged  drains.  It 
will  be  noted  that  this  floor  is  made  up  of  the  most  readily  obtainable 
material,  plates  and  angles,  and  the  workmanship  is  of  the  simplest 
character. 

A  review  of  the  history  of  the  design  of  solid  metal  railroad  bridge 
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floors  reveals  a  curious  fact.  The  earliest  design  on  record  is  composed 
of  built  beams  supporting  an  iron  decking,  and  the  latest  forms  intro- 
duced are  quite  similar ;  a  remarkable  illustration  of  the  old  saying 
that  "  history  repeats  itself." 

It  seems  proper  here  to  call  attention  to  the  fact  that  a  number  of  our 
larger  railway  systems,  principally  those  in  the  East,  are  obtaining  solid 
floors  in  a  great  many  cases  by  replacing  their  shorter  iron  spans  by 
masonry  arches,  which  enables  them  to  carry  their  road-bed  uninter- 
ruptedly from  bank  to  bank. 

In  designing  a  solid  floor,  consideration  should  be  given  to  the  fol- 
lowing features :  Accessibility  for  examination  and  painting  ;  facilities 
for  thorough  and  rapid  draining;  use  of  shapes  and  sizes  readily  ob- 
tainable from  the  mills;  simplicity  of  shop  construction;  cheapness  of 
first  cost  and  cost  of  maintenance ;  convenience  of  changing  location  of 
track  to  accommodate  switches,  frogs,  etc.;  and  the  attachment  of  floor 
to  girders  should  be  effective,  simple,  and  as  direct  as  practicable.  Ec- 
centricity of  connections  should  be  avoided.  The  floor  should  be 
arranged  to  carry  a  derailed  train  with  as  little  damage  to  it  or  the 
bridge  as  possible. 

Of  thedesigns  illustrated,  doubtless  some  are  better  suited  for  certain 
locations  than  others.  The  designer  should  thoroughly  consider  the  par- 
ticular case  in  hand,  allowing,  among  other  things,  for  the  current  prices 
of  the  various  shapes,  and  giving  due  consideration  to  all  the  factors 
contributing  to  the  excellence  of  his  structure.  Time  will,  in  the  future 
as  in  the  past,  undoubtedly  bring  about  the  "survival  of  the  fittest." 

As  to  highway  bridge  floors,  there  is  less  to  be  considered.  European 
engineers  are  before  us  also  in  the  use  of  solid  floors  for  highway  bridges, 
and  most  of  the  highway  bridges  of  England  are,  and  have  been  for  many 
years,  built  with  permanent  floors.  The  forms  in  use  are  varied,  plate 
iron,  buckle  plates,  corrugated,  and  arched  plates  being  mostly  used, 
though  some  of  the  simpler  forms  of  troughs  are  not  infrequently  met 
with.  The  trough  form  of  bent  plates  used  on  the  Tower  Bridge,  Lon- 
don, has  already  been  mentioned.  The  highway  bridge  over  the  Tay, 
Scotland,  has  a  similar  floor.  The  Cobden  Foue  Bridge,  at  Southamp- 
ton, has  a  floor  of  corrugated  iron  supported  on  shelf  angles  riveted  to 
the  floor  beams,  the  shelf  angles  being  curved  to  fit  the  crown  of  the 
roadway.  The  corrugated  floor  is  of  1-inch  metal,  and  the  corrugations 
are  6  inches  deep,  covered  with  concrete  and  wooden  paving  blocks. 

In  this  country  permanent  floors  are  all  of  comparatively  recent 
design.  The  Callowhill  Street  Bridge,  over  the  Schuylkill  River  at 
Philadelphia,  was  built  in  1875.  Its  floor  is  probably  the  earliest  of 
the  permanent  kind  built  in  America.  It  consists  of  square,  buckle 
plate  flooring,  riveted  to  light  beam  stringers  at  the  sides  and  at  the 
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ends  to  T-bars  which  cross  the  beams.  The  buckle  plates  are  3  feet 
square  and  i  inch  thick  with  a  total  rise  of  2?  inches.  The  bridge  was 
built  by  the  Keystone  Bridge  Co.,  and  the  plates  manufactured  for  it 
are  probably  the  first  made  in  this  country. 

A  ribbed  steel  arch  bridge  at  East  Rock  Park,  New  Haveu,  Conn., 
was  built  about  1889  with  a  floor  of  ordinary  floor-beams  covered  with 
creosoted  pine  plank  4  inches  by  12  inches  laid  longitudinally,  which  was 
in  turn  covered  with  3-inch  by  12-inch  creosoted  piue  plaakiug  laid 
transversely.  Over  this  was  laid  a  double  thickness  of  tar-paper 
covered  with  a  wearing  surface  of  asphalt  2?  inches  thick.  The  bridge 
proves  very  rigid  and  gives  good  satisfaction. 

But  even  with  all  this  care  to  obtain  a  stiff  and  permanent  floor,  its 
design  is  eclipsed  by  the  paved  floors  on  metal  plates,  which  have  since 
been  used  so  often  in  spite  of  some  opposition.  The  Carnegie  Steel  Co. 
have  had  a  stock  shape  of  curved  plate  flooring  since  1882,  which  has 
been  used  in  various  cases. 

In  the  summer  of  1891,  Mr.  Carl  Gaylor  said  in  a  paper  before  the 
Engineers'  Club  of  St.  Louis  on  "Viaducts  across  Railroad  Tracks": 

"  In  regard  to  floors,  we  have  gone  through  the  usual  evolution  from 
wooden  joists  and  planking  to  wooden  block  pavement  on  planks  carried 
by  steel  stringers.  Permanent  floors  seem  after  all,  on  account  of  their 
great  weight,  to  be  a  thing  of  the  far  future.  As  a  step  in  this  direction 
may  be  designated  the  covering  of  the  Forest  Park  Boulevard  Bridge 
over  the  Wabash  tracks  with  Portland  cement  concrete  arches  between 
steel  girders." 

The  Baltimore  Street  Bridge  at  Cumberland,  Md.,  two  plate  girder 
spans  72  feet  long  each,  has  a  floor  consisting  of  cross  girders  riveted  to 
the  main  girders  and  spaced  14  feet  5  inches  apart.  These  support 
three  lines  of  stringers,  which  divide  the  space  between  the  girders  into 
four  openings  about  62  feet  wide.  Upon  the  stringers  is  laid  No.  210 
Pencoyd  corrugated  flooring  and  a  layer  of  concrete  is  filled  in  on  this 
to  a  depth  of  7  inches.  Upon  the  concrete  a  2J-inch  layer  of  Trinidad 
asphalt  forms  a  wearing  surface. 

In  1892,  when  the  grade  crossing  question  was  being  studied  in 
Buffalo,  consideration  was  given  to  buckle  plate  form,  and  in  a  letter 
describing  it  at  that  time,  Mr.  Henry  Goldmark  said  : 

"  This  shape  of  iron  has  only  recently  been  introduced  into  this 
country  and  I  believe  only  two  firms,  viz.,  the  Keystone  and  Pencoyd, 
have  the  dies  for  making  the  buckles.  There  is,  however,  no  patent  for 
covering  the  device,  and  for  any  larger  piece  of  work,  I  fancy  other  mills 
would  put  in  the  plant  necessary  to  make  them.  The  buckle  itself  varies 
from  2  feet  9  inches  to  3  feet  9  inches  in  width  and  is  made  in  some 
three  or  four  intermediate  sizes,  all  the  buckles  being  square.     The  flat 
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part  at  the  edge  of  the  buckles  (through  which  the  rivets  pass)  can  be 
made  of  varying  widths,  from  2  inches  or  3  inches  to  perhaps  6  inches 
wide.  This  gives  a  fair  amount  of  variation  in  spacing  the  longitudinal 
stringers  carrying  the  plates.  As  to  the  depth  of  floor,  the  tops  of  the 
stringers  can  be  made  to  coincide  with  the  top  of  the  floor  beam  so  that 
the  depth  of  the  floor  beam  governs  the  depth  of  the  entire  floor.  I 
think  a  pretty  good  floor  can  be  built  with  as  little  as  6  inches  of  cover- 
ing (concrete  and  asphalt)  over  the  tops  of  the  stringers.  This  gives 
3  inches  or  4  inches  over  the  top  of  the  buckle.  I  do  not  think  that  we 
ought  to  have  any  less." 

In  making  the  first  statement  above,  Mr.  Goldmark  very  probably 
referred  to  buckled  plates  with  three  buckles  in  each  plate,  as  now  so 
generally  used ;  for,  as  noted  in  the  description  of  the  Callowhill  Street 
Bridge,  buckled  plates  having  one  buckle  to  each  plate  were  manufac- 
tured by  the  Keystone  Bridge  Company  as  early  as  1875. 

Since  then  buckle  plates  have  been  used  very  frequently.  Three 
prominent  cases  are,  the  Walnut  Street  Bridge  over  the  Schuylkill 
River,  Philadelphia,  where  buckle  plates  I  inch  thick  are  used,  sup- 
porting a  concrete  and  granite  block  pavement ;  the  Front  Street  Via- 
duct at  Columbus,  Ohio,  where  the  buckle-plate  flooring  is  covered  with 
concrete,  sand,  and  brick  pavement;  and  the  Selby  Avenue  Bridge  at 
St.  Paul,  Minn.,  on  which  buckle  plates  are  used  only  at  the  cable-car 
tracks  in  the  middle  of  the  roadway,  covered  with  concrete  and  pine 
blocks. 

The  investigation  of  the  grade  crossing  question  in  Buffalo  is  very 
interesting.  A  number  of  different  designs  were  considered  and  sketches 
representing  the  same  are  shown  on  Plate  III,  Figs.  1  to  5.  Mr.  George 
E.  Mann,  Chief  Engineer  Grade  Crossing  Commission,  has  very  kindly 
furnished  the  writer  with  these  sketches  and  data  concerning  the  same. 
The  floor  adopted  for  this  work  was  Pennsylvania  Steel  Company's 
Section,  Fig.  4.  The  merits  of  this  floor  over  the  others,  as  found  by 
the  Board  of  Commissioners,  are  as  follows  : 

First.  Its  form  of  construction,  giving  lateral  rigidity,  vertical 
stability  to  the  floor  beams,  and  moderate  weight  per  square  foot  of  area 
in  the  required  limit  of  depth. 

Second.  For  an  asphalt  surface  the  form  of  trough  was  considered 
better  to  hold  the  "binder"  against  the  tendency  of  rolling  forward 
under  wheel-action  in  extremes  of  high  temperature  than  either  forms 

1  or  5. 

Third.     Its  cost  compared  with  other  forms  of  floor. 

The  width  between  bridge  trusses  is  42  feet  and  the  depth  of  floor 

2  feet  2  inches.  For  such  a  length  of  floor  beam  with  this  shallow 
limit  of  depth,  it  was  considered  unwise  to  adopt  either  plans  2  or  3, 
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owing  to  their  increased  weight  and  so  necessarily  requiring  heavier  and 
more  expensive  trusses. 

Mr.  Mann  is  of  the  opinion,  however,  that  with  greater  depth  of 
floor  allowable  and  shorter  distance  between  trusses,  the  concrete  or  the 
Melan  arch  plans  (Figs.  2  and  3)  are  excellent.  The  following  table 
gives  a  comparison  of  these  several  sections : 

„  Description  of  Svstem  supporting  Dead  Load  per  sq.  ft.        Total  cost  per 

JN0-  Floors.  of  Floor.  sq.  ft. 

1.— Section  M  31,  Carnegie  Steel  Co.  .    .  85  $1.85 

2.— Melan  Arches 190  2.00 

3.— Concrete 250  2.78 

4.— Troughs,  Penna.  Steel  Co.'s  Section  100  2.00 

5— Buckle  Plates 76  1.76 

All  metal  work  assumed  for  comparison  @  3  cents  per  pound  in  place. 

An  interesting  solid  floor  was  built  on  the  180  feet  arch  span  Foot 
Bridge  across  the  "Lagoon"  in  Lincoln  Park,  Chicago,  in  1894,  W.  L. 
Stebbings,  engineer.  The  floor  beams  are  placed  at  panel  points  18  feet 
apart,  there  being  at  the  center  of  the  span  two  beams  placed  near  to- 
gether with  the  expansion  joint  between  them.  Beginning  at  each  of 
these  center  beams,  a  series  of  two  groups  of  four  steel  wires  each  is  car- 
ried back  over  the  intermediate  floor  beams  towards  each  end  of  the 
span.  The  vertical  planes  passing  through  these  groups  are  1  foot  apart, 
horizontally  in  a  direction  transversely  across  the  bridge.  These  groups 
of  wires  are  filled  around  with  concrete  covered  with  1  inch  of  granitoid 
top  dressing. 

Some  time  ago  Mr.  A.  L.  Schulz  designed  a  floor  for  a  highway 
bridge  in  Pittsburg,  consisting  of  8-inch  channels  laid  flatwise,  resting 
on  the  edges  of  the  flanges,  making  a  continuous  flat  deck,  the  flanges 
giving  the  vertical  stiffness. 

Corresponding  to  the  practice  of  some  of  the  railways  of  introducing 
masonry  arches  to  obtain  uninterrupted  road- bed  over  waterways  and 
other  openings,  a  number  of  localities  have  recently  had  constructed 
arches  of  the  Melan  type,  which  system  has  been  introduced  by  Mr.  Fr. 
Von  Emperger,  of  New  York  and  Vienna.  This  system  involves  the 
bedding  of  a  series  of  longitudinal  I-beams  in  the  intrados  of  an  arch  of 
concrete,  the  ends  of  the  beams  passing  into  and  being  entirely  sur- 
rounded by  the  concrete  of  the  arch  abutments.  This  plan  makes  the 
use  of  any  kind  of  paving  a  very  simple  matter,  and  the  construction 
permits  of  obtaining  ornamentation  and  architectural  effect  at  compara- 
tively slight  extra  cost.  Mr.  Von  Emperger  also  favors  the  use  of  similar 
concrete  and  I-beam  arches  between  floor  beams  on  steel  bridges,  claim- 
ing for  this  form:  freedom  from  necessary  care  and  frequent  painting  of 
metal  surfaces,  great  strength  and  stiffness,  and  30  per  cent,  less  cost 
than  the  use  of  Carnegie's  curved  plate  form  for  the  same  span. 
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In  closing,  the  writer  submits  herewith  a  sketch  of  the  floor  he 
designed  during  the  past  year  for  the  South  Rocky  River  Bridge,  near 
Cleveland,  O.  (see  Plate  III,  Fig.  6).  This  bridge  is  1219  feet  total 
length,  center  to  center,  and  has  a  32-foot  roadway,  with  provisions  for 
a  double  track  electric  railway  line.  It  will  be  noticed  in  this  bridge 
that  the  buckle-plates  are  placed  the  other  side  up  from  the  usual  prac- 
tice, thereby  saving  considerable  weight  of  concrete  filling  and  decreas- 
ing the  thickness  of  the  floor  proper,  while  still  preserving  all  the 
strength.  The  method  of  supporting  the  track  stringers  to  preserve  the 
crown  of  the  roadway  has  proven  very  satisfactory.  The  drawing  also 
shows,  incidentally,  the  design  adopted  at  the  ends  of  the  floor  beam. 
Conditions  required  that,  although  no  sidewalks  were  to  be  built  imme- 
diately, provision  should  be  made  for  their  addition  at  some  future 
time.  The  sidewalk  brackets  are,  consequently,  designed  for  a  greater 
length,  but  are  cut  off  in  such  a  manner  that  about  six  feet  more  can 
be  added  to  their  length  at  any  time  by  cutting  off  the  curved  end 
beyond  the  splices  and  splicing  on  a  new  section.  While  brick  will  be 
used  for  the  pavement  of  this  bridge,  the  design  is  just  as  well  adapted 
to  asphalt,  granite,  or  wooden  blocks. 

The  writer  takes  great  pleasure  in  acknowledging  here  the  valua- 
ble service  rendered  in  the  preparation  of  this  paper  by  Mr.  Bernard 
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VAN  BUREN   STREET  ROLLING  LIFT  BRIDGE, 
CHICAGO,  ILLS. 


Br  Warren  R.  Roberts,  City  Bridge  Engineer,  Member  Western  Society 

of  Engineers. 


[Read  before  the  Society,  March  20,  1895.*] 
INTRODUCTION. 

With  the  opening  of  the  new  bridge,  over  the  South  Branch,  at 
Van  Buren  Street,  a  work  was  completed  which  had  caused  the  engi- 
neers and  contractors  a  great  deal  of  care  and  anxiety  in  its  construction 
and  not  a  little  solicitude  as  to  its  success.  There  were  many  difficul- 
ties to  be  overcome  both  in  the  design  and  in  the  construction  of  this 
bridge.  Its  completion  and  successful  operation  indicate  that  these 
difficulties  were  overcome,  not  to  say  that  this  bridge  cannot  be  improved 
upon.  This  was  the  first  bridge  made  from  this  design,  which  fact  is 
sufficient  reason  why  improvements  should  be  made  if  a  second  one  were 
to  be  built. 

The  design  of  bridges,  and  especially  of  movable  bridges,  has  passed 
through  a  state  of  evolution.  The  common  swing  bridge  has  reached 
its  present  state  of  perfection  by  a  process  of  development,  due  to  which 
fact  it  is,  no  doubt,  the  most  desirable  type  of  drawbridge.  Whenever 
an  engineer  selects  a  bridge  of  new  design,  he  must  be  willing  to  pay  for 
the  general  good  to  be  derived  from  the  introduction  of  the  new  type. 

Before  beginning  the  consideration  of  this  Boiling  Lift  Bridge,  the 
conditions  to  be  fulfilled  at  the  bridge  site  and  the  governing  require- 
ments should  be  stated,  for  it  may  be  assumed  that  under  conditions 
favorable  to  the  swing  bridge  no  other  type  would  have  been  considered. 

CONDITIONS   AND    REQUIREMENTS. 

The  old  bridge  at  this  site  was  a  swing  bridge  giving  two  channels, 
an  east  one  of  about  55  feet,  and  a  west  one  of  about  60  feet.  The  east 
channel  was  the  one  principally  used,  the  west  one  being  too  shallow  and 
crooked  to  be  navigated  by  anything  except  tugs  and  other  small  craft. 
This  old  bridge  was  only  34  feet  wide  over  all,  having  one  roadway  of 
20  feet  and  two  sidewalks  of  7  feet  each. 

The  first  bridge  considered  for  replacing  this  old  draw  was  a  swing 
bridge,  with  equal  arms  of  110  feet  each,  giving  a  clear  channel  on  the 
east  of  67  feet  and  on  the  west  of  55  feet.     The  total  width  of  this  pro- 

*  Manuscript  received  December  14,  1895. — Secretary,  Assn  of  Eng.  Socs. 
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posed  bridge  was  51  feet,  having  one  roadway  of  34  feet,  and  two  side- 
walks of  8  feet  6  inches  each.  The  east  channel  was  thus  increased  from 
55  feet  to  67  feet,  and  the  west  reduced  from  60  feet  to  55  feet,  with  an 
increased  width  of  bridge  of  17  feet.  To  accomplish  this  it  was  intended 
to  move  each  abutment  back  a  considerable  distance.  This  change  of 
channels,  location  of  abutments,  etc.,  is  clearly  shown  in  Fig.  1.  The 
old  bridge  and  protection  are  shown  in  broken  lines  and  the  proposed 
bridge  in  full  lines. 

At  the  time  these  changes  were  being  considered,  the  Metropolitan 
Westside  Elevated  Railroad  Company  was  considering  means  and 
methods,  of  crossing  the  river,  and  it  was  proposed  by  the  city  to  make 
this  swing  bridge  a  double-deck  structure,  with  a  roadway  below  and  the 
elevated  railway  above.  But  this  plan  for  a  swing  bridge  was  abandoned 
for  the  reason  that  a  straight  channel  was  insisted  upon  by  the  United 
States  Government,  from  Jackson  Street  Bridge  to  the  turn  in  the  river 
below  Van  Buren  Street,  with  the  clear  width  of  this  channel  of  not  less- 
than  100  feet.  Such  a  channel  could  not  be  obtained  by  means  of  a, 
swing  bridge,  wdthout  placing  the  center  pier  considerably  to  the  west 
and  making  the  draw  much  longer,  which  was  not  practicable  on  account 
of  damages  to  the  adjoining  property. 

Several  other  schemes,  some  for  a  combined  bridge  and  others  for 
separate  bridges,  were  considered,  but  none  of  them  fulfilled  all  the  re- 
quirements. 

It  was  while  engaged  upon  an  investigation  and  elaboration  of  cer- 
tain of  these  schemes  for  the  Metropolitan  Railway,  that  Mr.  William 
Scherzer  devised  the  type  of  bridge  we  are  considering.  After,  a  careful 
investigation  of  its  merits,  as  compared  with  those  of  other  types  of  lift 
bridges,  it  was  decided  by  the  management  of  the  Metropolitan  Company 
to  adopt  this  bridge,  and  Mr.  Scherzer  Avas  entrusted  with  the  prepara- 
tion of  the  detail  plans.  The  Metropolitan  Company  then  proposed  to 
the  city  that  this  type  of  bridge  be  used  at  Van  Buren  Street,  and  that 
they  be  allowed  to  cross  the  river  between  Jackson  Street  and  Van  Buren 
Street  on  a  similar  bridge.  This  proposition  was  accepted  by  the  city 
(and  approved  by  the  Secretary  of  War,  November  ^6,  1893),  and  the 
bridge  at  Van  Buren  Street  was  constructed  from  Mr.  Scherzer's  design. 

The  two  points  of  merit  which  this  bridge  possesses,  and  which  make 
it  especially  suitable  for  the  place  are  :  First,  that  it  moves  in  a  vertical 
plane,  thereby  giving  room  for  it,  the  Jackson  Street  draw,  and  for  the 
Metropolitan  bridge,  which  are  all  in  close  proximity ;  and  second,  hav- 
ing no  center  pier,  the  clear  channel  of  91  feet  at  Jackson  Street  is 
maintained  at  Van  Buren  Street.  The  channel  at  this  place  and  the 
present  location  of  the  bridges  are  shown  in  Fig.  2. 

23 
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GENERAL    DESCRIPTION. 

The  peculiar  motion  of  the  bridge  in  operation  has  given  it  the  name 
of  "  rolliug-lift  "  bridge  ;  each  half  of  the  bridge  rolling  backward  and 
upward  upon  three  segmental  girders  at  its  base. 

Fig.  3  shows  the  bridge  closed',  ready  for  traffic.  This  illustration 
was  produced  from  a  photograph  of  the  bridge,  taken  after  completion, 
and  correctly  represents  the  bridge.  The  two  movable  parts  of  the 
bridge  are  in  every  respect  alike.  The  approaches  are  not  alike.  On 
the  west  the  abutment  and  pier  are  separated  by  40  feet,  and  the  space 
between  these  is  bridged  over  with  plate  girders  and  forms  a  room  for 
the  machinery  and  motors.  On  the  east  side  the  abutment  and  pier  are 
combined  in  one  piece  of  masonry,  and  space  for  the  machinery  was 
provided  by  building  a  room  in  the  abutment.  In  each  of  these  rooms 
are  placed  the  motors,  air  pumps,  air  reservoirs,  and  other  machinery 
necessary  for  the  operation  of  one- half  of  the  bridge  ;  and  each  half  is 
operated  independently  of  the  other. 

On  each  approach,  on  top  of  the  center  roadway  girder,  is  placed 
an  operator's  house.  The  operator  has  hei'e  before  him  the  air  valves 
for  operating  the  gates,  signals  and  brakes,  the  controller  for  operating 
the  motors,  and  other  apparatus  for  the  complete  control  of  one-half  of 
the  bridge. 

Fig.  4  shows  the  bridge  open,  giving  a  clear  channel  of  about  100 
feet  between  abutments.  The  time  required  for  opening  the  bridge  is 
about  thirty-five  seconds,  and  for  closing  about  twenty- five  seconds, 
which  time  could  be  reduced  if  it  were  desirable.  In  this  view  the 
Metropolitan  Railway  "  rolling-lift"  bridge,  and  Jackson  Street  swing 
bridge  are  both  shown  in  the  background. 

In  Fig.  5  is  given  a  side  elevation  of  the  west  half  of  the  bridge 
when  open,  showing  very  clearly  the  position  of  the  segmental  girders 
for  this  position  of  the  bridge.  A  study  of  this  view  will  help  to  under- 
stand the  peculiar  motion  of  the  bridge.  It  will  be  seen  that  there  is 
no  sliding  motion,  and  no  hinge  motion,  as  is  generally  expected  by 
those  seeing  the  bridge  in  operation.  It  is  a  true  rolling  motion,  with 
no  friction,  except  rolling  friction,  and  the  friction  at  the  pin  connection 
of  the  operating  strut  and  possibly  a  little  in  the  meshing  of  the  racks 
under  the  segmental  girders. 

Fig.  6  gives  a  view  looking  east  upon  the  west  half  of  the  bridge 
when  open.  We  have  here  very  forcibly  presented  the  amount  of  wind- 
surface  offered  when  the  bridge  is  fully  opened.  The  area  above  the 
line  of  the  roadway  amounts  to  about  3,300  square  feet,  and  a  pressure 
of  18  pounds  per  square  foot  gives  a  pull  in  the  operating  strut  of 
165,000  pounds. 
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This  is  the  maximum  stress  for  which  the  operating  strut  and  the 
machinery  were  figured ;  it  being  assumed  that  traffic  on  the  river 
would  stop  with  a  wind  which  would  give  18  pounds  per  square  foot. 
Mr.  Trautwine,  in  his  "  Pocket-Book, "  gives  18  pounds  per  square  foot 
as  corresponding  to  a  violent  storm  of  60  miles  per  hour. 

In  Fig.  7  the  horizontal  bracing  and  the  vertical  bracing  between 
the  segmental  girders  are  clearly  shown.  This  vertical  bracing  and  the 
lower  panel  of  the  horizontal  bracing  were  not  riveted  up  until  both 
sides  of  the  bridge  were  completed,  lowered  into  a  horizontal  position 
and  the  adjustments  made  between  the  two  parts. 

The  adjusting  was  one  of  the  most  interesting  parts  of  the  erec- 
tion. When  the  bridge  was  first  lowered  into  a  horizontal  position,  so 
that  the  two  parts  of  the  north  truss  came  together  properly,  it  was 
found  that  the  east  half  of  the  center  truss  was  an  inch  or  more  above 
the  other  half,  and  that  the  east  half  of  the  south  truss  was  some  two 
inches  or  more  above  the  west  half.  The  two  parts  of  all  three  trusses 
were  brought  into  the  same  plane  by  the  adjustments  under  the  tail 
girders,  and  the  vertical  bracing  was  then  riveted  up. 

At  the  time  this  vertical  adjustment  was  made  there  was  also  a 
lateral  error  of  about  the  same  amount,  the  ends  of  the  trusses  on  the 
east  portion  coming  about  1  to  1 2  inches  too  far  north  to  match  those 
of  the  west  portion.  The  two  parts  are  raised,  and  a  transit  told  us 
that  the  trusses  in  the  west  portion  stood  very  nearly  in  vertical  planes, 
while  those  of  the  east  portion  leaned  about  1  to  H  inches  to  the  north. 
Therefore  we  riveted  the  lateral  bracing  in  the  west  portion  as  it  stood. 
The  upper  end  of  the  east  portion  was  then  pulled  over  2  inches  to  the 
south  by  attaching  cables  to  the  upper  and  middle  parts  of  the  trusses, 
and  the  lateral  bracing  was  riveted  while  the  cables  were  attached. 
When  the  cables  were  released  and  the  two  parts  again  lowered,  they 
came  together  perfectly. 

SUBSTRUCTURE. 

The  construction  for  each  of  the  three  parts  of  the  substructure 
was  essentially  the  same ;  the  foundation  being  formed  of  piles,  the  body 
of  the  structure  of  concrete  and  the  top  of  Bedford  masonry. 

The  foundation  piles  were  driven  about  3  feet  centers  over  the 
entire  area  to  be  occupied  by  each  piece  of  masonry.  These  piles  were 
of  Norway  pine,  50  feet  long  and  not  less  than  10  inches  in  diameter 
at  the  small  end.  They  were  driven  nearly  to  the  water  line  and  sawed 
off  17  feet  below  it,  leaving  33  feet  of  the  piles  in  the  foundation. 
The  west  abutment  was  built  first,  then  the  west  pier,  and  lastly  the 
east  pier  and  abutment.  While  the  driving  of  the  piles  for  each  part 
was  progressing,  the  caisson  for  the  same  part  was  being  built  at  dock 
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and,  when  partially  filled  with  concrete,  Avas  floated  into  position.  The 
concreting  was  then  continued,  and  the-  sides  of  the  caisson  were  con- 
tinually built  up  to  keep  progress  with  its  sinking  until  it  came  to  a 
bearing  on  the  piles.  The  concrete  used  was  machine  mixed,  with  one 
part  of  Portland  cement,  and  two  and  one-half  parts  of  sand  and  five 
parts  of  broken  limestone. 

The  first  work  done  on  the  west  abutment  was  to  construct  the 
coffer-dam   and  connect  it  at  each  end  with  the  dock.     (See  Fig.  8.) 


Surface  i)f  Roadway 


This  Material  Removed,  for  full  width  of  Street, 
and  refilled  ai  Completion  of  Work. 


i.  i    i  r  A>w  Cato 


Chicago  and  Alton  H.R. 
Freight  Olllee 


This  coffer-dam  was  then  anchored  back  with  three  2- inch  anchor  rods  to 
piles  driven  about  50  feet  to  the  rear.  These  anchors  were  to  prevent  the 
earth  filling  from  forcing  the  coffer-dam  towards  the  river  when  the 
excavating  for  the  abutment  was  done.  They  proved  only  partially 
successful  in  this  office.  A  sewer  5  feet  in  diameter  emptied  into  the 
river  on  the  center  line  of  Van  Buren  Street.  This  sewer  was  divided 
into  two  sewers,  each  3  feet  in  diameter,  and  passed  around  the  ends 
of  the  abutment  as  shown  in  the  illustration. 
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In  Fig.  9  is  given  a  front  elevation  of  the  west  abutment,  showing  the 
pockets  that  receive  the  girders  which  form  the  floor  for  the  west 
machinery  room,  previously  mentioned. 

In  the  plan  of  the  west  pier  (Fig.  10)  are  shown  the  pockets  formed 
to  receive  the  tail  girders  when  the  bridge  is  open.  Besides  these 
pockets  the  pier  contains  two  large  chambers  built  in  to  save  masonry- 
In  one  of  these  chambers  a  sump  was  made  and  in  it  placed  a  cen- 
trifugal pump  driven  by  a  small  motor  placed  on  the  pier  above.  This 
pump  is  controlled  from  the  operator's  house  and  run  whenever  necessary 
to  remove  the  water  which  leaks  in  through  the  concrete.     In  this  plan 


Half  Front  View. 

-32  .'il- 


Half  Front  View. 
Caisson  Removed 

Salo- 


pian of  (Grillage. 
West  Abutment        Fig.  9 


is  also  shown  (by  the  broken  lines)  the  location  of  the  cast  steel  racks 
upon  which  the  segmental  girders  revolve.  The  sections  of  the  pier 
(Fig.  11)  show  the  depth  and  form  of  the  pockets  mentioned  above. 
In  these  sections  is  also  shown  the  anchorage  for  the  tail  girders,  which 
will  be  referred  to  again. 

The  east  pier  and  abutment,  although  completed  as  one  piece  of 
masonry,  were  constructed  separately.  The  abutment  and  east  half  of 
the  pier,  as  originally  designed,  came  between  two  seven-story  buildings, 
with  foundations  extending  into  the  street.     The  excavation  for  the  pier 
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came  considerably  below  these  foundations.  This  being  the  case  the 
contractor  preferred  to  reduce  the  width  of  the  pier,  which  was  to  be 
sunk  with  an  open  caisson,  and  increase  the  width  of  the  abutment, 
which  was  to  be  put  in  by  a  coffer-dam.  Therefore  the  piling  for  the 
coffer-dam,  shown  in  the  section  of  the  abutment  (Fig.  12)  was  moved 
west  about  18  feet  or  a  little  beyond  the  west  face  of  the  buildings. 


Roadway  +19  25/  J    l'^_±12^2l_^2T_ags  Present         +1"-93'  Roadway 


17.17  Roadway- 


Centre  Line 
of  Van  Buren  St. 


That  portion  lying  between  the  buildings  was  then  excavated  dry, 
thereby  insuring  more  protection  to  the  foundations  of  the  buildings 
during  the  progress  of  the  work. 


SUPERSTRUCTURE. 

The  moving  part  of  the  bridge  may  be  considered  as  divided  into 
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three  spans :  the  river  span  and  two  anchor  spans.  The  river  span, 
which  has  the  appearance  of  a  low  arch  (See  Fig.  13),  is  composed  of 
two  cantilever  arms,  there  being  no  bearing  at  the  center  between  the 
two  parts  of  each  truss.  The  clear  headroom  above  the  water  for  the  four 
middle  panels  is  about  16  feet.  The  river  span  is  115  feet  center  to  center 
of  bearings.  The  anchor  spans  are  each  30  feet  6  inches  center  to  center 
of  columns,  and  consist  of  two  parts :  the  movable  part  from  A  to  Y 
(Fig.  13),  and  the  fixed  part  from  Fto  G.  These  two  parts  are  held 
firmly  together  at  Fby  hangers  passing  beneath  the  tail  girders. 

Within  these  tail  girders  and  between  them,  in  the  two  end  panels, 
are  placed  the  counterweights  for  balancing  the  cantilever  arms.  These 
counterweights  consist  of  cast  iron  ;  the  total  amount  required  for  one 
side  being  about  129  tons.  The  exact  amount  of  this  counter  weight 
was  decided  upon  after  the  bridge  was  in  operation.  Sufficient  weight 
was  added  to  prevent  the  bridge  from  coming  to  a  horizontal  position 
when  freely  lowered  by  the  brakes.  The  bridge,  when  so  lowered,  comes 
to  a  rest  a'little  above  the  horizontal ;  the  power  is  then  applied  and 
the  motors  force  the  bridge  down  to  a  level. 

The  floor  on  the  draw  consists  of  two  courses  of  planking,  each 
laid  transversely  to  the  length  of  the  bridge.  On  the  roadways  the 
lower  course  is  of  3^-inch  pine,  each  plank  being  held  to  the  flanges  of 
each  I-beam  by  two  3  J  inch  by  f  inch  railroad  spikes,  driven  from 
below.  The  upper  course  on  the  roadway  is  of  3-inch  oak  plank  and  is 
thoroughly  spiked  to  the  lower  course  with  6-inch  spikes.  The  lower 
course  on  the  sidewalks  is  of  white  pine,  dressed  to  11-inch,  securely 
spiked  to  the  I-beams  and  wooden  joists.  The  upper  course  is  of  4-inch 
by  1 5-inch  dressed  and  matched  Georgia  pine,  and  extends  through  the 
trusses  to  the  wheel  guard. 

A  uniform  quality  of  open-hearth  steel  was  used  throughout  the 
work,  in  which  the  average  phosphorous  limit  was  .06  per  cent,  for 
"  acid  steel "  and  .025  for  "  basic  steel."  When  tested  in  specimens,  cut 
from  the  finished  plates  and  shapes,  of  not  less  than  i  square  inch  in 
section,  an  ultimate  strength  of  from  60,000  to  68,000  pounds  per  square 
inch  was  required,  with  an  elastic  limit  of  not  less  than  one-half  the 
ultimate  strength,  with  an  elongation  of  at  least  26  per  cent,  in  8 
inches,  and  a  reduction  at  point  of  fracture  of  at  least  50  per  cent.  It 
must  also,  when  cold,  bend  fiat  upon  itself  without  sign  of  fracture,  and 
be  capable  of  withstanding  the  usual  punching  and  drifting  tests. 

In  Fig.  14  is  shown  a  quarter  plan  of  the  draw  span.  The  side- 
walk on  the  approach  joins  that  of  the  draw  at  8,  while  the  junction 
between  the  corresponding  parts  on  the  roadway  is  at  R.  When  the 
bridge  is  raised  the  floor  of  the  moving  part  of  the  roadway  passes 
back  of  and  beneath  that  on  the  approach,  making  it  necessary  to  bring 
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the  floor  on  the  approach  to  a  very  thin  edge  to  form  a  connection  with 
the  draw  when  the  bridge  is  closed.  The  movement  at  the  sidewalk  is 
the  reverse  of  the  above ;  that  is,  the  moving  sidewalk  passes  above  the 
fixed  part  when  the  bridge  is  raised.  The  method  of  making  the  con- 
nection between  the  floors  of  the  moving  and  fixed  parts  is  given  in 
Fig.  15.  In  the  castings  for  the  roadway  the  part  on  the  approach  is 
brought  out  to  a  thin  edge,  while  of  those  for  the  sidewalk  the  one  on 
the  draw  is  so  drawn  out.  The  movement  at  the  sidewalk  is  more  nearly 
horizontal  than  at  the  roadway,  and  it  was  necessary  to  make  the 
connection  on  the  sidewalk  with  a  J-inch  steel  plate  for  a  distance  of 
12  inches.  This  difference  of  movement  between  the  roadway  andthe  side- 


Fig.  15. 

walk  is  due  to  the  junction  with  the  approach  being  made  at  points 
differing  in  relation  to  the  center  of  motion,  the  junction  for  the  side- 
walk being  in  front  of  this  center,  and  that  for  the  roadway  being 
behind  it. 

Figs.  16,  17  and  18  are  sections  at  A-a,  B-b  and  X-x1  respectively 
and  are  given  to  show  the  bracing  used  at  each  place. 

A  detail  of  the  tail  girder,  segmental  girder  and  a  part  of  the  center 
truss  is  shown  in  Fig.  19.  These  girders  are  the  same  for  the  outside 
trusses,  except  that  the  pin  connection  for  the  operating  strut  (shown  at 
A)  is  omitted,  and  the  material  iu  the  girders  of  the  outside  trusses  is 
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some  lighter.  On  the  bottom  of  the  segmental  girder  is  a  steel  track 
plate,  26  inches  wide  by  3  inches  thick,  and  cut  out,  as  shown  in  plan, 
so  as  to  receive  the  teeth  of  the  cast  racks  on  the  masonry,  upon  which 
these  segmental  girders  revolve.  This  steel  plate  is  securely  bolted  to 
the  bottom  flange  of  the  segmental  girder  with  one-inch  bolts,  in  the 
manner  shown  in  the  section  of  the  plate.  At  Y  is  shown  the  connec- 
tion between  the  tail  girder  and  the  approach.  When  we  have  a  suffi- 
cient load  on  the  river  span  there  is  an  upward  pressure  from  this  tail 
girder,  which  is  received  by  the  steel  casting  bolted  into  the  end  of  the 
approach  girder.  With  a  load  between  A  and  the  approach,  the  tail 
girder  must  be  supported  by  the  hanger  at  Y. 

Fig.  20  gives  the  remaining  portion  of  the  truss  and  the  center 
latch.  The  way  in  which  the  latch  is  operated  is  shown  in  Fig.  21.  As 
stated  before,  there  is  no  bearing  at  the  center  between  the  two  parts  of 
a  truss.  The  only  connection  here  is  made  by  a  pin  latch,  which  is  in- 
tended only  to  prevent  lateral  motion.  This  center  latch  is  operated 
from  the  west  side,  and  the  locking  apparatus  is  therefore  omitted  on  the 
east  side. 

In  Fig.  21  is  given  the  method  of  applying  the  power  to  the  bridge- 
From  the  machinery  runs  an  operating  strut  joined  to  the  center  truss 
at  A,  as  shown.  Within  this  strut  is  a  cast  steel  rack  which  engages 
with  the  rack  wheel.  In  the  position  in  which  the  strut  is  shown  the 
bridge  is  closed  and  the  latch  at  Y,  and  the  pin  latch  at  the  center  of 
the  river  span,  are  both  in  the  position  shown,  and  the  bridge  is  locked, 
ready  for  traffic.  When  the  bridge  is  open  the  cam  at  A  has  moved  to 
the  location  indicated  by  the  broken  lines.  In  the  first  movement  of 
the  strut  backward,  the  cam  crank  at  A  is  revolved  one  quarter  of  a 
revolution,  and  acting  on  the  cranks  and  levers  shown,  withdraws  the 
pin  latch  at  the  center  of  the  bridge.  At  the  time  this  movement  is 
taking  place, a  small  roller  strikes  the  cam  on  the  rack  wheel,  and  acting 
on  the  connecting  levers,  withdraws  the  tail  girder  latch  at  Y.  These 
two  duties  performed,  the  bridge  is  free  to  move,  and  the  succeeding 
movement  of  the  operating  strut  begins  to  raise  the  bridge.  These 
movements  are  simply  reversed  when  the  bridge  is  being  closed  and 
locked.  The  power  to  raise  one-half  the  bridge  is  applied  through  one 
operating  strut  and  carried  to  the  two  outside  trusses  by  heavy  bracing 
between  them  at  panel  point  A. 

The  vertical  adjusting,  already  referred  to  for  bringing  the  two 
parts  of  a  truss  into  the  same  plane,  is  shown  in  this  illustration  (Fig. 
21).  By  increasing  or  decreasing  the  shims  between  the  castings  on  the 
end  of  the  tail  girder  and  that  on  the  approach  girder,  the  center  end 
of  the  truss  could  be  raised  or  lowered. 

The  two  approaches  being  of  a  similar  construction,  the  west  one 
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only  is  illustrated  (Fig.  22).  In  the  longitudinal  section  is  shown  the 
machinery  girder,  with  the  position  of  the  motors  and  machinery  indicated. 
This  machinery  girder  is  a  very  heavy  box  girder,  4  feet  wide  and  8'. 
feet  deep  at  the  pier  end.  Besides  carrying  the  vertical  loads  of  the 
motors  and  machinery,  it  receives  the  longitudinal  thrust  brought  to 
the  machinery  by  the  operating  strut.  To  resist  this  thrust,  the  girder 
is  anchored  at  the  west  end  by  four  lf-inch  rods  passing  entirely  through 
the  abutment,  and  at  the  east  end  by  four  2f-inch  rods  reaching  to  the 
bottom  of  the  pier. 

In  the  half  cross-section  through  the  approach  (Fig.  23),  is  shown 
the  anchorage  for  the  approach  girders,  which  act  as  anchors  for  the 
river  span.  This  anchorage  was  placed  directly  upon  the  grillage 
foundation  of  the  pier. 

MOTORS   AND   MACHINERY. 

Iii  Fig.  24  is  given  a  plan  and  elevation  of  the  machinery  for  one- 
half  the  draw.  The  power  being  applied  by  the  motors  to  shaft  No.  1, 
is  passed  through  the  train  of  wheels  to  the  operating  strut  at  X.  Of 
this  machinery,  all  the  gear-wheels  are  of  cast  steel,  excepting  the  arms 
and  hub  of  the  rack-wheel.  In  this  latter  wheel,  the  power  is  applied 
on  the  rim  and  carried  by  the  rim  to  the  operating  strut,  for  which  rea- 
son the  center  was  made  of  cast  iron.  The  rim  was  cast  in  one  piece, 
and  not  in  sections  as  shown.  Each  of  the  other  gears  was  cast  in  a 
single  piece.  The  large  wheels  on  shaft  No.  2  were  made  with  eight 
arms  instead  of  six,  as  shown.  On  the  middle  of  shaft  No.  2  a  brake- 
wheel  was  added,  which  is  not  here  shown.  This  wheel  is  5  feet  in 
diameter,  and  has  an  18-inch  face.  An  18-inch  steel  band  brake  is 
operated  on  it  by  compressed  air.  This  brake  is  intended  to  be  used 
only  in  case  of  an  accident  to  the  other  brakes.  The  automatic  brakes 
shown  on  shaft  No.  1  were  placed  outside  of  the  gears  to  make  room 
for  the  motors,  which  are  both  on  one  shaft.  These  changes  and  some 
further  additions  are  clearly  shown  in  Fig.  25,  which  is  produced  from 
a  photograph,  taken  after  the  work  was  completed. 

The  original  specification  for  all  cast  steel  was  as  follows:  Ulti- 
mate strength  of  at  least  70,000  pounds  per  square  inch ;  elastic  limit 
at  least  40,000  pounds  per  square  inch ;  an  elongation,  in  8  inches,  of  at 
least  25  per  cent.,  and  a  reduction  at  point  of  fracture  of  at  least  40  per 
cent.  All  sample  bars,  from  which  test  specimens  are  made,  to  be  at 
least  2  J  inches  square,  and  to  be  annealed  with  the  castings  which  they 
represent.  So  much  difficulty  was  experienced  in  obtaining  steel  of  this 
quality  in  any  of  the  large  castings  required,  that  the  specification  was 
changed  to  the  following :  Ultimate  strength  of  not  less  than  65,000 
pounds  per  square  inch,  and  elastic  limit  of  at  least  32,000  pounds ; 
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elongation,  in  8  inches,  at  least  20  per  cent.,  and  reduction  at  point  of 
fracture  of  at  least  25  per  cent.  This  specification  was  filled  only  after 
rejecting  many  of  the  larger  castings  once,  and  some  even  twice,  and 
the  rim  of  the  rack-wheel  was  accepted  with  an  elongation  considerably 
below  this  specification. 

There  are  two  50  horse-power  railway  type,  series  wound,  Westing- 
house  motors  for  each  half  of  the  draw,  which  are  governed  by  a  series 
multiple  controller  and  connected  to  operate  separately  or  in  unison. 

The  automatic  brakes  are  30  inches  in  diameter  with  a  6-inch  face, 
and  are  operated  by  compressed  air.  If  at  any  time  during  the  opening 
or  closing  of  the  bridge,  the  current  is  cut  off,  these  brakes  are  auto- 
matically applied,  and  remain  on  until  released  by  the  operator.  The 
air  for  use  on  these  brakes  and  for  operating  the  gates  and  signals  is 
compressed  by  a  compressor  operated  by  an  eccentric  placed  on  the  end 
of  the  motor  shaft.  This  arrangement  makes  the  compressing  of  the 
air  also  automatic.  A  pressure  of  about  35  pounds  is  used,  a  valve  on 
the  pump  releasing  the  air  above  a  pressure  of  about  40  pounds, 
although  the  compressor  continues  to  work  while  the  motors  are  in  op- 
eration. The  air,  for  use  on  both  sides  of  the  river,  is  compressed  on 
the  west  side;  that  to  be  used  on  the  east  side  being  piped  across,  beneath 
the  river,  and  stored  in  a  reservoir.  With  the  exception  of  the  air 
compressor  the  machinery  on  the  east  side  is  a  duplicate  of  that  shown 
for  the  west  side. 

The  bridge  is  provided  with  two  gates,  of  the  ordinary  railroad 
type,  one  of  which  is  placed  on  the  right-hand  sidewalk  of  each  ap- 
proach. When  closed,  each  gate  stops  the  traffic  on  the  right-hand 
roadway,  thereby  enabling  the  operator  to  quickly  clear  the  bridge  of 
traffic  and  make  it  ready  for  opening.  When  once  open,  the  bridge 
itself  forms  a  very  effective  gate  both  for  the  roadway  and  sidewalks. 
Each  operator  controls  the  gate  on  his  side  of  the  river.  The  signals, 
which  are  at  the  center  of  the  span,  are  operated  from  the  west  side. 

In  addition  to  the  electric  equipment  already  mentioned,  each  op- 
erator's house  is  provided  with  an  electric  heater,  an  electric  bell  and 
push-button,  by  which,  with  a  code  of  signals,  the  operators  may  com- 
municate quickly,  and  also  with  a  special  telephone  for  use  in  case  of 
any  accident  when  the  bridge  is  open,  at  which  time  it  may  be  necessary 
to  communicate  some  message  not  provided  for  in  the  code.  Every- 
thing has  been  added  to  the  bridge  which  was  considered  necessary  to 
insure  the  safety  and  reliability  of  its  operation. 

The  power  for  running  the  bridge  is  a  500  volt  current  brought 
from  the  Chicago  Edison  Company's  Washington  Street  power  station. 

From  quite  a  large  number  of  tests  made  on  the  current  at  differ- 
ent times  and  with  the  wind  from  various  directions,  it  has  been  found 
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that  the  average  horse-power  required  to  open  one  side  of  the  bridge  at 
a  time  is  about  60,  and  that  required  to  open  both  sides  at  the  same 
time  about  96.  However,  none  of  the  tests  were  made  at  a  time  when 
the  wind  was  higher  than  what  would  be  termed  brisk.  It  was  observed 
that  a  moderate,  or  even  brisk  wind,  blowing  from  one  side,  offered  more 
resistance  to  the  operation  of  the  bridge  than  one  of  the  same  velocity 
blowing  in  the  direction  of  the  street.  This  was  due,  no  doubt,  to  fric- 
tion that  a  side  wind  caused  between  the  racks  on  the  segmental  girders 
and  those  on  the  masonry.  It  is  not  believed  that  this  resistance  from 
a  side  wind  would  exceed  that  from  a  direct  wind  of  the  same  velocity 
for  winds  higher  than  those  observed. 

CONSTRUCTION   AND   COST. 

The  bridge  was  designed  and  patented  by  the  late  William  Scherzer, 
who  died  about  the  time  the  drawings  were  completed.  That  the  work 
performed  by  him  had  been  very  carefully  and  thoughtfully  done  is 
shown  by  the  closeness  with  which  his  design  has  been  followed  by  those 
who  have  carried  his  work  to  a  successful  completion. 

"Work  was  begun  on  the  substructure  early  in  1894,  and  the  bridge 
was  completed  and  opened  for  traffic  on  February  4,  1895.  Since 
this  date  it  has  been  operated  very  satisfactorily.  The  time  required 
for  opening  it  is  about  one -half  that  for  opening  a  steam-power  swing 
bridge. 

In  comparison  with  a  swing  bridge,  giving  the  same  clear  channel, 
the  cost  of  this  bridge  seems  somewhat  high.  This  may  be  partly  ac- 
counted for  by  the  fact  that  this  bridge  is  of  a  new  design.  Contractors 
do  not  bid  so  reasonably  on  such  a  design  as  on  work  with  which  they 
are  familiar.  Neither  can  the  work  be  done  for  the  same  unit  price  on 
a  bridge  of  uew  design  as  one  of  a  familiar  design.  Moreover,  the  sub- 
structure of  this  bridge  was  more  expensive  than  it  would  ordinarily  be, 
even  for  a  bridge  of  the  same  type.  This  was  due  to  the  difficulty  in 
putting  in  some  of  the  foundations. 

The  total  cost  of  the  bridge,  including  the  approaches,  electric 
equipment  and  cables  to  the  power  house,  was  $163,850.00. 

The  substructure  for  the  bridge  was  built  by  the  Fitz  Simons  & 
Conuell  Co.,  of  this  city.  The  contract  was  awarded  them  at  unit  prices 
for  each  kind  of  material  entering  into  the  work,  and  not  for  a  lump 
sum.  This  method  added  very  much  to  the  responsibility  and  work  of 
the  engineers  in  charge  for  the  city.  Mr.  W.  R.  Kellogg,  a  member  of 
this  society,  had  charge  of  the  field  work  on  the  bridge,  throughout  its 
construction.  Much  of  the  credit  for  the  manner  in  which  the  parts  of 
the  superstructure  came  together,  is  due  to  the  accuracy  with  which  Mr. 
Kellogg  located  the  substructure.     Some  parts  of  the  substructure,  as 
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already  shown  by  the  illustrations,  were  of  an  especially  difficult  con- 
struction, and  much  credit  is  due  to  the  contractors  for  this  work,  for 
the  manner  in  which  it  was  performed. 

The  contract  for  the  superstructure  was  originally  awarded  to  A. 
Gottlieb  &  Co.,  but  Mr.  Gottlieb's  death  soon  afterward  made  it  neces- 
sary to  re-let  the  work,  and  it  was  given  to  Charles  L.  Strobel,  a  mem- 
ber 'of  our  society.  Mr.  Strobel  sub-let  the  manufacturing  of  the  iron 
work  to  the  Elmira  Bridge  Co.,  of  Elmira,  N.  Y.,  and  the  manufactur- 
ing of  the  machinery  to  the  Scaife  Foundry  &  Machine  Co.,  of  Pitts- 
burg. Mr.  Strobel  and  his  able  assistants,  who  made  the  shop  plans 
for  the  bridge,  deserve  much  credit  for  the  care  with  which  all  the 
details  of  the  bridge  were  worked  out. 

The  electric  equipment  and  air  plant,  including  the  brakes,  air 
compressors,  gates,  signals,  etc.,  were  designed  and  furnished  by  G.  P. 
Nichols  &  Bro.,  of  Chicago.     The  former  is  also  one  of  our  members. 

The  bridge  was  constructed  under  the  supervision  of  Mr.  Samuel 
G.  Artingstall,  City  Engineer,  the  author  of  this  paper  having  direct 
charge  of  the  work. 

The  following  figures  on  the  cost  of  this  bridge  as  compared  with 
certain  other  city  drawbridges  may  be  of  interest: 

Wells  St.  Swing  Bridge  : 

Substructure $59,000  00 

Superstructure  ....  86,700  00 

Machinery  and  engines         .         .         .         4,700  00 


$150,400  00 
This  bridge  has  two  roadways  of  21  feet   each    center   to  center 
trusses  and  two  sidewalks  of  8  feet  each,  is  220  feet  long,  and  gives  two 
clear  channels  of  about  72  feet  each. 
South  Halsted  St.  Lift  Bridge : 

Substructure $84,700  00 

Superstructure  ....  81,400  00 

Machinery  and  engines         .         .         .       50,000  00 


$216,100  00 
This  bridge  has  one  roadway  of  40  feet  center  to  center  trusses  and 
two  sidewalks  of  9  feet  4  inches  each.    It  is  130  feet  long  center  to  center 
bearings  and  gives  one  clear  channel  of  118  feet. 
Van  Buren  St.  Rolling  Life  Bridge  : 

Substructure         .         .         .         .         .     $79,600  00 
Superstructure  .         .         .    •     .  73,100  00 

Electric  equipment        ....       11,150  00 


$163,850  00 
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This  bridge  has  two  roadways  of  21  feet  each  center  to  center 
trusses  and  two  sidewalks  of  8  feet  6  inches  each.  The  channel  span  is 
115  feet  long  center  to  center  bearings,  and  gives  a  clear  channel  109 
feet  (between  masonry  abutments). 

N.  B. — The  engineering  and  inspection  expenses  are  not  included 
in  any  of  the  above  costs. 


DISCUSSION. 


A  view  of  the  Tower  Bridge  in  London,  England,  taken  at  the 
time  of  its  inauguration  and  presented  to  the  society  by  Mr.  Liljencrantz 
was  then  shown  and  Mr.  Strobel  furnished  the  following  data : 

The  first  caisson  was  begun  in  September,  1886.  Both  piers  were 
completed  in  January,  1889.  The  formal  opening  of  the  bridge  took 
place  June  30,  1894.  The  steel  work  was  furnished  by  Sir  William 
Arrol  &  Co. ;  the  contract  price  was  $1,685,000.  The  piers  and  abut- 
ments, John  Jackson's  contract,  cost  $656,000.  The  hydraulic  machin- 
ery, Armstrong  &  Co.'s  contract,  cost  $426,000.  The  masonry  super- 
structure cost  $745,000.  Other  contracts,  $636,000,  making  a  total  of 
all  original  contracts,  not  including  outside  expenses,  nor  engineering, 
of  $4,150,000.  The  opening  span  is  200  feet,  which  is  twice  the  open- 
ing in  Van  Buren  Street  bridge.  The  weight  of  each  leaf  is  about  1,000 
tons  gross ;  the  pressure  in  the  accumulators  is  850  pounds  per  square 
inch.  The  test  load  of  150  tons  on  the  end  of  each  leaf  gave  a  deflec- 
tion of  1|  inches. 

The  President  : — The  account  of  the  tower  bridge  is  certainly 
very  interesting ;  in  fact,  the  explanation  of  its  cost  of  over  $4,000,000 
as  compared  with  $160,000,  seemed  desirable,  as  the  architectural  effect 
is  rather  elaborate. 

Mr.  Bush: — I  will  say  that  Mr.  W.  W.  Curtis,  who  represents  the 
Pittsburg  Bridge  Company  in  this  city,  had  expected  to  take  part  in 
this  discussion  to-night,  but  as  he  was  unable  to  be  present,  has  asked 
me  to  read  for  him  a  few  notes  prepared  by  him. 

The  following  paper  was  then  read  by  Mr.  Bush  : 

Mr.  Curtis: — Mr.  Roberts  has  very  kindly  given  me  an  opportun- 
ity to  look  over  his  paper,  and  present  such  discussion  as  I  might  desire, 
especially  with  reference  to  the  comparative  merits  of  the  Van  Buren 
Street  bridge  and  the  Halsted  Street  bridge,  with  which  I  was  directly 
connected. 

The  society  is  indebted  to  Mr.  Roberts  for  the  very  complete  man- 
ner in  w7hich  he  has  described  this  piece  of  work.  This  city  seems  to  be 
especially  selected  as  a  trying  ground  for  new  schemes  in  the  way  of 
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bridge  construction.  Draw  spans  have  been  worked  out  here  to  some- 
where near  the  limit  of  perfection  so  far  as  their  efficiency  in  the  line  of 
public  service  is  concerned,  and  unquestionably  the  same  care  and  free- 
dom in  expenditure  in  first  cost  will  insure  a  corresponding  development 
in  whatever  type  of  bridge  may  be  found  best  suited  to  the  local  condi- 
tions. Of  the  three  different  types  of  bridges  built  since  it  was  found 
necessary  to  substitute  something  for  drawbridges,  oue  represented  the 
extremely  cheap,  the  second  the  extremely  costly,  while  the  third  is 
somewhere  near  the  golden  mean,  so  far  as  cost  alone  is  concerned. 
Fortunately  the  city  in  its  experimenting  has  not  been  called  upou  to 
pay  the  cost  of  any  absolute  failure,  all  of  their  bridges  being  successes 
to  a  greater  or  less  degree. 

In  comparing  the  Halsted  Street  and  the  Van  Buren  Street  bridges 
there  are  several  points  which  should  be  borne  in  mind  to  do  justice  to 
the  former.  It  was  a  much  more  radical  departure  from  existing 
structures  than  the  Van  Buren  Street  bridge,  and  the  conditions 
under  which  it  was  built  were  very  different.  Plans  for  the  latter  work 
had  been  made  by  Mr.  Scherzer  and  very  cordially  adopted  by  the 
Engineering  Department  of  the  city.  The  contracts  called  simply  for 
the  proper  execution  of  the  work  according  to  the  plans  and  specifica- 
tions of  the  City  Engineer,  and  the  contractor  was  responsible  in  no  way 
for  the  design  or  the  successful  operation  of  the  structure,  excepting  in  so 
far  as  that  might  be  affected  by  poor  work  on  his  part.  On  the  other 
hand  the  Halsted  Street  bridge  was  never  looked  upon  with  any  favor 
by  the  city ;  its  failure  was  predicted  time  and  again,  and  while  I  very 
willingly  recognize  the  fact  that  the  City  Engineer  and  his  assistants 
endeavored  to  treat  the  contractors  with  perfect  fairness  regardless  of 
their  opinions  of  the  wisdom  of  the  expenditure  of  money  entailed  by 
the  contract,  the  contractor  was  nevertheless  compelled  to  assume  risks 
on  the  enterprise  to  an  unreasonable  degree,  and  there  was  not  the  same 
interest  taken  in  the  bridge  as  in  the  Van  Buren  Street  structure.  The 
contractor  was  compelled  not  only  to  give  the  usual  bond,  guaranteeing 
the  proper  execution  of  his  contract,  but  was  also  required  to  file  a 
special  bond  for  $50,000,  guaranteeing  the  correctness  and  the  sufficiency 
of  the  engineer's  plans  for  the  entire  structure,  the  $50,000  to  be  for- 
feited in  case  the  bridge  was  not  made  a  perfect  success.  It  seems  now 
of  course  that  such  a  bond  was  a  mere  formality,  but  at  the  time  this 
work  was  constructed  there  were  several  questions  which  could  not  be 
determined  in  any  way  except  by  actual  tests,  and  which,  if  such  tests 
had  not  resulted  favorably,  would  have  caused  a  more  or  less  complete 
failure  of  the  whole  enterprise,  or  would  have  entailed  very  heavy  addi- 
tional expense  to  have  insured  its  success.  Under  these  circumstances  it 
is  not  surprising  the  cost  figured  for  the  machinery  was  large;  or  that  in 
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the  actual  construction  a  large  amount  of  money  was  spent  in  precau- 
tionary measures,  which  we  now  see  could  have  been  saved. 

Examining  the  statement  of  the  cost  of  the  Halsted  Street  bridge 
as  given  by  Mr.  Roberts,  we  find  it  divided  as  follows : 

Substructure $84,700  00 

Superstructure 81,400  00 

Machinery  and  engines  .         .         .       50,000  00 


Or  a  total  of.         .         .         $216,100  00 

Of  the  item  of  substructure,  $34,000  alone  was  required  for  the 
pneumatic  caissons,  the  balance  covering  the  cost  of  removing  the  old 
pile  work  in  the  river,  a  large  amount  of  dredging,  the  masonry  in  the 
four  main  piers  and  two  small  piers,  together  with  the  retaining  walls 
and  engine-room  foundation,  with  the  various  piles  and  timber  required 
therefor.  The  item  of  engines  and  machinery  covers  a  complete  steam 
plant  in  duplicate,  consisting  of  two  boilers  and  two  engines,  with  the 
necessary  gearing  and  shafting,  besides  the  counterweights,  cables  and 
their  necessary  connections  and  supports.  In  the  construction  of  a 
similar  bridge  the  expensive  engine  room  beneath  the  street,  as  well  as 
the  steam  plant,  would  be  eliminated  entirely,  resulting  in  a  considerable 
saving  in  first  cost  as  well  as  a  very  large  saving  in  cost  of  operation, 
which  is  now  the  worst  feature  of  the  Halsted  Street  bridge.  By  plac- 
ing the  power  house  in  one  of  the  towers  above  the  roadway  and  using 
electric  power  furnished  from  a  central  station,  the  number  of  attend- 
ants required  as  well  as  the  cost  of  power  would  be  no  greater  in  the 
case  of  a  lift  bridge  than  for  the  Van  Buren  Street  bridge.  It  may  be 
said  that  the  two  pieces  of  work  should  be  compared  as  they  stand,  not 
as  they  may  be  modified  in  the  future  designs ;  but  this  is  hardly  a  fair 
way  of  looking  at  it,  because  of  the  much  greater  novelty  of  the  Halsted 
Street  design,  and  the  fact  that  the  power  was  generated  on  the  work 
itself  instead  of  being  purchased  as  at  Van  Buren  Street,  thus  adding  to 
the  first  cost  of  the  power  plant.  There  is  another  item  also  to  be  con- 
sidered, viz.:  the  difference  in  the  cost  of  material  at  the  time  the  two 
pieces  of  work  were  contracted  for.  By  referring  to  my  estimate  book 
I  find  the  difference  in  the  market  price  of  angles  amounted  to  $13.00 
per  ton,  which,  on  the  weight  of  the  Halsted  Street  bridge,  represents 
about  $9,500.00.  Mr.  Waddell,  the  designer  of  this  bridge,  has  placed 
himself  on  record  in  the  Transactions  of  the  American  Society,  as  believ- 
ing this  bridge  could  be  duplicated,  with  such  modifications  as  I  have 
suggested  above,  for  $50,000  less  than  it  actually  cost.  While  I  think 
the  gentleman  is  possibly  a  little  too  sanguine  in  this,  I  am  confident 
$175,000  at  the  present  time  wonld  be  sufficient  to  cover  the  expense  of 
such  a  construction. 
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The  main  objection  raised  by  engineers  to  a  bridge  of  the  type  of 
the  Halstead  Street  bridge,  has  been  based  upon  the  apparent  absurdity 
of  moving  such  a  heavy  mass  to  the  height  necessary  in  order  to  open 
the  channel.  On  the  face  of  it,  it  certainly  seems  that  there  should  be 
some  method  requiring  a  less  expenditure  of  energy  to  secure  this  result, 
and  it  is  interesting  to  compare  the  actual  power  required  in  the  two 
structures  under  consideration.  Tests  made  at  Halsted  Street  for  Mr. 
Artingstall  by  Mr.  Frederick  Sargent,  indicate  that  with  both  engines 
working  at  a  high  speed  and  opening  the  bridge  in  the  shortest  possible 
time,  115  indicated  horse-power  was  required,  while  operating  as  in  actual 
practice,  with  one  engine  alone,  and  at  a  speed  20  per  cent,  less,  the  power 
developed  was  96  indicated  horse-power.  The  power  furnished  for  this 
work  consists  of  two  engines  of  a  nominal  rating  of  60  horse-power  each, 
with  steam  at  80  pounds  pressure.  Mr.  Roberts  states  the  indicated 
horse- power  required  for  the  Van  Buren  Street  bridge,  to  be  96  horse- 
power, which  may  be  reduced  possibly  by  more  accurate  counterbalancing. 
He  states,  there  are  two  50  horse-power  motors  supplied  for  each  half  of 
the  draw,  or  200  horse-power  supplied  for  the  bridge,  as  against  120 
horse-power  at  Halsted  Street.  You  will  also  notice  the  clear  opening 
in  the  Van  Buren  bridge  is  10  per  cent,  less  thau  at  Halsted  Street. 
The  speed  for  opening  the  two  structures  apparently  is  not  very  different, 
either  being  sufficiently  rapid  for  any  conditions. 

The  only  doubt  I  have  ever  eutertained  as  to  the  value  of  the  rolling 
bascule  bridge  has  been  based  upon  the  possible  effect  of  a  collision. 
This  was  one  objection  raised  to  Halsted  Street  bridge,  but  that  struc- 
ture has  passed  through  three  collisions  with  credit  to  itself  and  injury 
to  the  boat.  What  the  result  would  be  if  it  were  struck  by  the  bow  of 
one  of  the  heavy  lake  steamers  there  may  possibly  be  room  for  doubt, 
but  I  believe  the  probability  of  serious  injury  from  collisions  is  exceed- 
ingly small.  With  the  bascule  bridge  of  whatever  type,  I  think  such  a 
collision  as  one  already  experienced  at  the  other  bridge  would  result  in 
the  demoralization  of  the  bridge  and  its  being  thrown  out  of  service  for 
some  days  at  least;  and  such  collisions  are  extremely  probable.  It  is  to 
be  hoped  experience  will  prove  the  Van  Buren  Street  bridge  has  greater 
resisting  power  as  against  such  accidents  thau  the  writer  believes  it  pos- 
sesses. I  lelieve  the  direct  lift  bridges  have  a  province  of  their  own  and 
that  therein  they  are  superior  to  any  other  structure,  and  I  shall  certainly 
rejoice  if  Mr.  Scherzer's  last  work  remains  as  successful  as  it  is  to-day. 

Mr.  Goldmark. — Mr.  Roberts,  in  this  very  interesting  and  excel- 
lent paper,  has  given  perhaps  the  fullest  account  of  any  of  the  newer 
bridges  that  we  have  in  Chicago.  The  drawbridges,  as  he  very  truly 
remarked,  have  reached  a  high  state  of  perfection.  They  are  certainly 
efficient,  but  there  are  many  reasons  why  the  drawbridge  is  not  well 
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adapted  to  a  narrow  river  of  this  kind,  where  the  value  of  real  estate 
and  of  dock  room  is  extremely  great.  The  Van  Buren  Street  bridge — 
I  think  everybody  who  saw  it  operate  the  other  day  will  agree — seems 
to  be  an  extremely  satisfactory  and  efficient  machine  or  tool  for  doing 
the  particular  work  which  it  has  to  do,  that  is,  to  carry  a  heavy  roadway 
traffic  at  a  moderate  height  above  the  river,  and  at  the  same  time  give 
a  clear  opening  of  100  feet  for  vessels.  The  height  above  the  river 
there  is  limited,  and  consequently  there  is  considerable  difficulty  in  find- 
ing room  for  the  counterweights,  as  it  moves  downward.  In  fact,  even 
in  Van  Buren  Street  there  are  large  excavations  in  the  concrete,  and  a 
possible  influx  of  water  will  have  to  be  taken  care  of,  and  still  the  Van 
Buren  Street  and  our  other  Chicago  bridges  down  town  are  not  extremely 
close  to  the  water.  There  is  considerable  height,  I  think  twenty-four 
feet,  from  water  to  roadway.  In  many  cases,  in  Chicago  and  in  other 
cities,  this  distance  from  roadway  to  water  is  much  less,  and  a  bridge 
which  is  counterweighted  by  a  tail  end  in  that  way  presents  certain 
difficulties. 

Another  thing  in  connection  with  this  bridge  that  strikes  me  is 
that  the  100  feet  clearance,  which  is  provided  here,  is  probably  some- 
where near  the  limit  to  which  a  bridge  of  this  kind  can  be  economically 
built.  I  think  that  whatever  may  be  said  of  the  direct  lift  bridge,  such 
as  is  used  at  Halsted  Street,  it  certainly  can  be  used  for  considerably 
greater  lengths.  For  lengths  of  200  feet  it  would  find  a  more  useful 
field  for  application  than  it  did  find  here,  because  the  difficulties  of 
building  such  a  bridge  would  probably  not  increase  so  much  as  in  the 
case  of  a  cantilever,  in  which  the  deflections  increase  very  rapidly  with 
the  space  overhung. 

Mr.  Curtis  has  given  a  very  interesting  explanation  of  the  Halsted 
Street  bridge,  and  I  really  got  up  to  say  a  word  or  two  about  the  other 
bridge  that  Mr.  Curtis  referred  to,  which  was  the  cheap  bridge  of  the 
three  novel  types.  Some  three  years  ago,  when  I  entered  tho  employ 
of  Messrs.  Shailer  &  Schniglau,  they  had  taken  the  contract  for  the 
Canal  Street  bridge  for  a  total  contract  price  for  superstructure,  sub- 
structure and  machinery,  including  the  iron  approaches,  of  $40,000. 
This  bridge  was  to  have  a  clear  span  of  80  feet,  and  the  approaches 
made  the  total  length,  if  I  remember  rightly,  in  the  neighborhood  of  175 
feet.  The  roadway  was  to  be  20  feet  wide,  with  two  sidewalks,  5 J  or  6 
feet  each.  The  iron  work  of  the  approaches  had  been  designed  in  two 
separate  short  spans  on  each  side.  They  were  afterwards  changed  to 
single  plate  girders.  The  general  outline  of  the  bridge  had  been  de- 
tailed by  Mr.  Kandeler  sufficiently  to  make  his  bid  and  estimate.  The 
bridge  was  taken  up  in  the  office  and  worked  out  with  some  care,  and  I 
want  to  say  that  I  know  from  experience  that  any  bridge  of  this  kind 


VAN  BUREN  STREET  ROLLING  LIFT  BRIDGE,  CHICAGO.      287 

involves  an  infinite  amount  of  patience  and  of  work  in  order  to  make  it 
go  together  at  all,  and  I  realize  that  the  gentlemen  who  have  had  to  do 
with  the  Van  Buren  Street  bridge  must  have  had  a  great  deal  of  pa- 
tience and  a  great  deal  of  skill  to  get  such  a  perfect  structure. 

For  the  Canal  Street  bridge  I  will  say  that,  although  it  was  designed 
for  a  rolling  load  of  100  pounds  to  the  square  foot,  the  strains  in  no 
part  of  the  structure  are  at  all  heavy.  The  bridge  fulfills  its  purpose 
perfectly,  and  carries  the  heavy  teaming  traffic  of  the  lumber  district 
with  safety  and  without  any  excess  of  deflection  where  the  two  ends 
meet,  though  they  are  not  locked  in  any  way.  The  substructure  was 
built  somewhat  in  the  way  the  Van  Buren  Street  bridge  was,  that  is,  it 
consists  of  piles  cut  off  16  feet  below  low  water,  with  concrete  and  stone 
piers  above,  the  four  small  piers  being  independent,  and  the  abutments 
being  built  in  a  similar  way.  The  machinery  is  independent,  and 
includes  two  double  cylinder  engines  in  each  of  the  little  houses  on 
each  approach,  with  a  place  for  coal.  In  comparison  with  other  bridges, 
I  think  the  contract  price  is  perhaps  quite  an  interesting  item.  For 
more  money  we  could,  of  course,  have  built  a  heavier  bridge,  and  per- 
haps a  more  ornamental  bridge,  but  I  think  that  the  Harmon  patent  on 
which  this  bridge  was  built  is  really  a  very  economical  style.  There  is 
no  place  in  which  the  strains,  either  in  tension  or  compression,  are 
large.  All  the  girders  or  beams  are  reduced  to  small  sizes,  and  the  load 
is  carried  very  directly  to  the  towers  and  to  the  piers,  and  when  there 
is  a  cantilever  action,  it  is  taken  care  of  by  a  tower  about  40  feet  high. 
Of  course  that  is  a  very  economical  way  of  taking  care  of  a  cantilever, 
rather  than  by  the  comparatively  shallow  girders  such  as  are  used  at 
Van  Buren  Street.  It  does  not  look  as  well,  I  admit,  but  it  is  certainly 
more  economical,  and  I  think  it  explains  in  a  considerable  measure  the 
difference  in  cost  between  these  two  bridges. 

Mr.  Hasbrouk. — I  would  ask  for  what  reason  the  Van  Buren 
Street  bridge  was  made  of  two  independent  cantilevers,  rather  than  an 
arch,  as  the  Metropolitan  is. 

Mr.  Strobel. — I  would  say  that  in  case  of  the  Van  Buren  Street 
bridge,  there  is  no  particular  advantage  to  be  gained  from  treating  the 
bridge  as  an  arch.  In  the  case  of  a  longer  span  I  should  consider 
there  would  be  an  advantage  in  arranging  to  have  the  two  parts  meet 
in  the  center  and  act  as  an  arch.  The  thrust  on  an  abutment  of  a 
Chicago  river  bridge  is  never  a  desirable  feature,  as  the  soil  is  very 
yielding. 

Furthermore,  there  is  a  wedge  action  which  might  take  place  if  the 
bridge  acted     as    an    arch,  which    would  make   the  opening    of   the 
structure  harder  and  would  require  more  power. 
25 
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I  may  add,  as  it  may  not  have  been  explained  as  fully  in  the  paper 
as  might  be,  that  this  bridge  could  have  been  balanced  perfectly.  The 
center  of  gravity  could  have  been  arranged  to  coincide  with  the  center 
of  the  segmental  girders.  In  that  case  the  balance  would  have  been 
complete  in  every  position  of  the  bridge.  It  was  preferred,  however,  to 
arrange  the  balance  so  that  there  would  be  a  tendency  for  the  bridge  to 
open  as  soon  as  it  was  unlocked.  Then,  in  lowering  the  bridge,  the 
position  of  the  center  of  gravity  is  such  that  the  bridge  will  drop  a  part 
of  the  way.  After  it  has  reached  pretty  nearly  a  horizontal  position, 
the  bridge  has  to  be  forced  down  to  a  complete  horizontal  position. 

Mr.  Hasbrouk. — The  question  raised  in  my  mind  was  in  regard 
to  the  deflection — whether  or  no  it  is  wise,  or  otherwise,  to  make  two 
cantilevers.  We  have  two  cantilevers,  it  strikes  me,  that  having  one 
arm  loaded,  the  deflection  of  that  arm  might  be  considerable,  and  the 
other  arm  not  being  loaded  might  make  a  break  in  the  bridge  at  the 
center. 

Mr.  Roberts. — For  the  loads  that  we  have  here  in  the  city  there 
is  no  deflection.  As  yet,  we  have  had  nothing  heavier  than  a  six  horse 
team  with  a  very  heavy  load  go  over  the  bridge.  I  was  on  the  bridge 
the  other  day  when  a  six-horse  team  crossed  it,  and  there  was  no  such 
deflection.  The  castings  at  the  center  through  which  the  3-inch  steel 
pins  work  are  very  heavy ;  and,  I  think,  are  entirely  capable  of  taking 
up  even  greater  loads  than  we  will  have  on  this  bridge.  How  it  would 
be  on  a  railway  bridge,  as  the  Metropolitan,  where  they  have  a  heavy 
motor-car,  I  cannot  say. 

Replying  to  the  question  that  was  suggested  by  Mr.  Goldmark,  he 
thinks  that  we  have  very  nearly  reached  the  limit  of  span  for  which 
this  type  of  bridge  is  adapted.  I  would  say  that  I  think  not,  so  long  as 
we  can  have  a  little  more  head-room.  We  only  have  about  15  feet 
from  the  bottom  of  the  track  to  the  center  of  motion.  Where  the 
approaches  could  be  made  longer  and  the  bridge  made  higher,  there  is 
no  reason  why  the  span  could  not  be  made  materially  longer. 

Mr.  Bush. — Assuming  a  pressure  of  18  pounds  per  square  foot 
strikes  me  as  being  considerably  lighter  than  ordinary  specifications. 

The  President. — Mr.  Roberts  is  called  upon  for  too  much  in  the 
way  of  explanation,  and  hence  I  will  presume  to  answer  Mr.  Bush  with 
the  suggestion,  that  with  a  pressure  of  18  pounds  per  square  foot  from 
wind  it  is  quite  safe  to  assume  that  there  will  be  no  navigation  on  the 
river,  hence  no  occasion  to  expose  the  draw. 

Mr.  Appleton. — The  description  of  this  novel  structure  is  cer- 
tainly very  interesting.  There  are  a  few  points  about  the  operating 
machinery  on  which   I  would    like  a  little  more  information.     As  I 
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understand  it,  the  brakes  on  the  small  wheel,  as  well  as  on  the  large 
wheel,  are  operated  by  compressed  air,  and  that  there  is  but  one  air 
pump.  It  would  seem  desirable  to  have  some  form  of  hand  brake  for 
use  in  case  of  failure  of  the  compressed  air  through  leakage  or  breakage 
of  pipes. 

This  bridge  is  operated  by  electric  motors.  The  current  comes 
from  a  distaut  station  operated  by  a  private  corporation.  If  the  current 
should  fail  at  any  time,  what  would  become  of  the  bridge  ?  Would  it 
not  be  well  to  have  a  duplicate  line  of  cables  to  supply  the  electric 
current  ?  And  would  it  not  be  well  to  have  some  kind  of  hand  gear 
for  use  in  emergencies  ?  And,  asking  for  information  merely,  what  are 
the  advantages  of  electric  motors  in  this  case  over  steam  engines  ? 

The  President. — Mr.  Roberts  has  been  called  on  so  often  to 
answer  questions.     I  think  I  will  call  on  Mr.  Nichols. 

Mr.  Nichols. — As  I  was  acting  in  the  capacity  of  contractor,  plac- 
ing the  motors  there  was  a  matter  of  course.  There  certainly  are 
advantages  in  the  use  of  electric  motors.  The  combined  capacity  of  the 
two  motors  is  150  horse-power.  You  can  imagine  how  much  room  a 
steam  plant  that  will  generate  that  amount  of  power  would  take  up, 
with  all  the  boilers  and  the  stack  and  everything  pertaining  thereto.  ]t 
would  necessarily  be  duplicated  on  the  other  side,  which  would  be  prac- 
tically an  impossibility,  although  I  suppose  it  might  be  done  some  way. 

As  to  the  comparative  cost  of  operation  by  steam  and  electricity, 
that  is  purely  a  matter  of  arrangement  between  the  city  and  the  parties 
furnishing  the  current.  It  is  true  that  in  the  transmission  of  power  by 
electricity  there  is  a  loss  of  about  25  per  cent,  between  the  generating 
point  and  the  point  of  application,  but  that  is  more  than  offset  by  the 
fact  that  so  much  less  space  is  required. 

As  far  as  the  danger  of  the  current  failing  is  concerned,  it  is  hard 
to  conceive  of  a  more  perfect  or  more  reliable  system.  With  such  an 
engine  and  steam  plant  as  is  usually  placed  on  a  bridge,  the  conditions 
are  necessarily  unfavorable  for  efficient  service.  The  source  of  power, 
or  generating  plant,  is  at  the  Chicago  Edison  Company's  station,  at  the 
corner  of  Market  and  Washington  Streets,  where  they  have  compound 
engines  of  large  units  and  in  duplicate,  and  the  same  with  the  boilers 
and  generators,  so  that  if  anything  should  happen  to  any  part  of  the 
plant,  a  duplicate  part  could  be  substituted.  The  building  is  practically 
fireproof.  Connection  is  made  between  the  generators  at  the  station  and 
the  motors  on  the  bridge  by  heavy  armored  cables  laid  in  iron  conduits 
under  ground.  The  diameter  of  the  wire  conductors  is  something  like 
I  inch,  and,  with  the  insulation,  is  something  over  an  inch,  so  it  would 
be  very  hard  to  rupture  the  circuit  by  mechanical  means.     As  far  as 
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burning  out  is  concerned,  that  is  hardly  possible,  as  the  type  of  motor 
used  is  such  as  designed  for  street  car  and  electric  locomotive  work,  and 
is  designed  with  reference  to  rough  usage,  excessive  overloads  and 
scarcely  any  attention ;  so,  comparing  electricity  with  steam,  the  advan- 
tages are  greatly  in  favor  of  the  motor.  For  comparison  we  can  refer 
to  the  bridges  that  have  previously  been  equipped  with  motors.  At  the 
Rush  Street  bridge  there  was  less  trouble  than  with  the  new  Madison 
Street  bridge,  which  was  started  about  the  same  time.  There  were  sev- 
eral stoppages  with  the  steam  bridge,  while  with  the  electric,  none  at  all. 
Similar  results  were  obtained  in  Milwaukee.  At  the  time  the  Grand 
Avenue  bridge  was  equipped  with  an  electric  motor,  the  Michigan  Street 
bridge  was  equipped  with  steam.  The  City  Engineer  has  no  hesitation 
in  saying  there  is  no  comparison  between  the  operation  of  the  two; 
the  steam  bridge  caused  them  some  trouble,  the  electric  none. 

Why  no  provision  was  made  for  hand  power  is  for  Mr.  Roberts  to 
say,  as  that  question  did  not  come  within  the  province  of  my  work. 
While  the  air  brakes  have  in  every  respect  come  up  to  our  expectations 
and  have  proved  themselves  to  be  extremely  reliable  and  easy  of  opera- 
tion, and  have  not  in  a  single  case  failed  to  act  quickly  and  positively, 
it  has  been  decided  by  the  Bridge  Engineer  that  it  would  be  wise  to 
provide  supplementary  brakes  to  be  worked  by  hand,  in  case  of 
emergency. 

Mr.  Johnston. — In  regard  to  the  remark  that  was  made  about  the 
advantages  of  having  one  clear  span,  rather  than  two  more  narrow  ones, 
ease  of  navigation  has  been  claimed  for  the  former.  The  question  to  be 
considered,  in  the  Chicago  River,  is  one  of  flowing  water  with  only  the 
draw  span  through  which  to  flow.  It  occurs  to  me  that  perhaps  a  swing 
bridge,  with  two  55-feet  openings,  as  at  Madison  Street,  on  the  map 
herewith,  would  offer  more  easy  navigation  than  one  with  110-feet  single 
opening,  as  at  Van  Buren  Street.  With  running  water  in  the  river,  as 
will  be  the  case  in  the  future,  a  mean  velocity  of  3  feet  per  second  may 
be  fairly  expected  through  the  openings,  the  depth  being  taken  at  16 
feet.  The  cross-section  of  many  boats  that  will  navigate  the  stream, 
will  be  nearly  one-half  that  of  the  stream  through  the  draw-opening. 
The  effect  will  be  to  double  the  velocity  as  the  boat  passes  the  bridge, 
or  to  give  a  velocity  of  six  feet  per  second,  which  increased  velocity  will 
oppose  quite  a  resistance  to  the  motion  of  the  boat.  In  the  case  of  the 
swing  bridge  with  two  clear  openings,  when  the  boat  has  entered  one  of 
the  openings,  nearly  all  the  flow  will  be  forced  through  the  other.  The 
velocity  of  flow  adjacent  to  the  sides  of  the  boat  will  thereby  be  dimin- 
ished, as  will  also  the  resistance  to  motion.  I  think  it  is  very  doubtful 
■whether  in  this  case,  where  the  cross-section  of  the  boat  occupies  so 
large  a  proportion  of  the  cross-section  of  the  stream,  there  is  any  advan- 
tange  in  the  clear  opening  over  the  double. 
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Again,  in  the  case  of  boats  passing  each  other.  In  the  case  of  the 
double  opening,  we  have  in  the  main  Chicago  River,  or  as  at  the  Madi- 
son Street  bridge,  what  may  be  called  a  double- track  passage.  Two  boats 
passing  each  other,  each  nearly  55  feet  wide,  in  a  span  of  110  feet,  would 
occupy  nearly  all  the  cross-section,  and,  as  one  boat  passed  the  other, 
there  would  be  set  up  cross-currents  which  would  interfere  quite  a  good 
deal  with  the  handling  of  the  boats.  In  the  double  opening,  there  is 
no  such  thing. 

A  map,  showing  the  bridge-crossings  from  Madison  Street  to  Har- 
rison Street,  would  afford  quite  a  study  in  this  connection.  A  few  more 
bridges  in  this  region,  and  there  will  not  be  much  left  of  the  river.  Too 
long  a  stretch  of  single  track  navigation  is  being  created. 

Mr.  Liljencrantz. — I  think  I  would  agree  with  Mr.  Johnston  if 
the  question  concerned  the  way  of  constructing  a  bridge  in  a  "  straight" 
channel,  but  the  Chicago  River  is  unfortunately  very  far  from  a  straight 
channel,  and  that  is  probably  one  of  the  main  facts  that  brought  about 
the  devices  of  these  three  last  new  kinds  of  bridges,  because  in  the 
short  bends,  in  which  several  bridges  are  located,  the  one  side  (when  a 
swing  bridge  is  used)  is  frequently  impassable  by  a  boat  of  an  average 
size,  and  therefore  I  think  that  in  all  such  localities  the  ceuter  channel 
is  far  preferable.  '  And  as  the  question  of  navigation  has  been  taken 
up,  I  should  like  to  ask — perhaps  more  in  the  interest  of  navigators 
than  the  engineers — inasmuch  as  Mr.  Roberts  mentioned,  as  I  under- 
stood it,  that  the  "  clear  channel  "  at  Van  Buren  Street  bridge  was  100 
feet,  I  should  like  to  ask  if  that  does  not  mean  the  width  between  the 
stone  abutments,  because  the  clear  channel  between  the  protections  I 
have  found  to  be  only  about  80  feet.) 

The  President. — Somewhat  more  than  twenty  years  ago,  in  con- 
versation with  parties  as  to  drawbridges  for  the  Chicago  River,  I  was 
assured  it  was  a  matter  of  a  very  short  time,  two  to  four  years  at  most, 
till  the  traffic  in  the  river  would  be  done  with  lighters,  the  larger  craft 
staying  in  the  outside  harbor,  or  going  to  the  Calumet,  and  all  the 
bridges  would  be  of  the  fixed  type.  The  prospect  of  any  such  change 
in  the  navigation  interests  or  the  bridges  seems  more  remote  than  it  did 
twenty  years  ago.  In  fact  there  is  not  at  this  time  even  a  suggestion  of 
the  probability  of  any  such  change  ;  hence  it  is  fair  to  assume  that  we 
are  to  see  much  development,  with  many  examples  in  the  way  of  draw- 
bridges other  than  the  pivot  kind  so  long  the  standard  on  the  Chicago 
River. 
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Civil  Engineers'   Clnb  of  Cleveland. 


Case  Library  Building,  Cleveland,  Ohio,  July  9,  1895. — The  meeting 
of  the  Civil  Engineers  Club  of  Cleveland  was  called  to  order  at  8  p.m.,  by  the 
President.     Present,  22  members  and  visitors. 

The  minutes  of  the  last  meeting  were  approved. 

Mr.  Thompson,  Chairman  of  the  Committee  on  Eesolutions  upon  the  death  of 
Mr.  A.  M.  Wellington,  reported  as  follows : 

Resolved,  That  the  Civil  Engineers'  Club  of  Cleveland  learns  with  sorrow  of 
the  death  of  A.  M.  Wellington,  one  of  its  original  members.  He  was  among  those 
who  took  great  interest  in  its  formation  and  was  instrumental  in  placing  it  upon  its 
present  footing.  He  was  its  first  representative  upon  the  Board  of  Managers  of 
the  Association  of  Engineering  Societies  and  was  active  in  the  affairs  of  the  Asso- 
ciation as  well  as  in  those  of  the  Club. 

In  his  death  the  profession  of  Civil  Engineers  sustains  a  great  loss.  And  we 
shall  miss  his  substantial  contributions  to  its  literature. 

We  desire  to  express  our  deep  regret  at  his  untimely  decease  and  to  convey  to 
his  family  our  sincere  sympathy. 

Resolved,  That  these  resolutions  be  spread  upon  the  minutes  of  the  Club  and  a 
copy  forwarded  to  his  family. 

The  resolutions  were  unanimously  adopted.  President  Mordecai  spoke  also  in 
eulogy  of  Mr.  Wellington. 

The  Executive  Board  reported  the  resignation  of  Prof.  E.  W.  Morley,  and  the 
transfer  from  active  to  corresponding  membership  of  Mr.  F.  S.  Richards. 

The  Committee  on  Picnic,  through  Mr.  Jno.  L.  Culley,  reported  progress. 

Messrs.  Palmer  and  Brown  were  appointed  tellers  to  canvass  ballots  for  Mr.  R. 
Hoffman. 

The  Club  then  listened  to  the  paper  of  the  evening  by  Mr.  Wm.  H.  Searles, 
"The  Deflections  and  Stresses  of  a  Flexible  Ring  Under  Load."  This  description 
of  his  original  investigations  upon  the  subject  was  very  interesting. 

The  President  gave  a  short  account  of  the  late  meeting  of  the  American 
Society  of  Civil  Engineers  at  Boston. 

The  Club  voted  to  hold  no  meeting  at  the  regular  date  in  August.  Mr.  Robert 
Hoffman  was  announced  elected  to  active  membership,  and  at  about  10  o'clock  the 
meeting  adjourned.  F.  A.  Coburn,  Secretary. 

(1) 
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THE  LATE  A.  M.  WELLINGTON. 
Remarks  by  Augustus  Mordecai,  President  of  the  Club. 

I,  perhaps,  was  as  well  acquainted  with  Mr.  Wellington  as  any  one  present 
As  has  been  said  of  him,  he  was  a  man  of  remarkable  energy.  Blessed  with  a  strong 
constitution,  when  any  interesting  problem  really  took  hold  of  him  he  seemed  never 
to  tire,  even  working  far  into  the  night  and  forgetting  to  stop  for  his  meals. 

Born  in  Massachusetts  iu  1847,  and  graduated  from  the  Boston  Latin  School, 
he  became  an  articled  student  in  the  office  of  Mr.  Henck,  of  Boston,  the  author  of 
the  well-known  field  book,  and  later  connected  with  Mr.  Frederick  Lew  Omstead 
in  the  Brooklyn  Park  Department,  then  with  several  railroad  enterprises  in  the 
South,  East  and  West  as  assistant  engineer  on  construction.  In  1878  he  came  to 
Cleveland  as  an  assistant  to  Mr.  Chas.  Latimer  on  what  was  then  the  Atlantic  and 
Great  Western  Railroad ;  after  remaining  in  that  position  three  years  he  went  to 
Mexico  as  chief  engineer  of  the  Mexican  National,  and  later  became  assistant  general 
manager  of  that  line.  He  returned  to  the  United  States  in  1884  to  become  one  of 
the  editors  of  the  Railroad  Gazette,  remaining  with  that  influential  journal  three 
years,  when  he  associated  himself  with  Mr.  Frost,  of  the  Engineering  News,  and  was 
one  of  its  principal  editors  to  the  time  of  his  death.  During  his  connection  with 
these  journals  he  also  acted  as  consulting  engineer  in  many  important  works,  mak- 
ing reports  on  the  improvement  of  Toronto  harbor  ;  the  abolition  of  grade  crossings 
at  Buffalo ;  the  terminals  of  the  Brooklyn  bridge ;  the  railroad  system  of 
Jamaica,  etc. 

He  was  always  a  student,  and  his  energetic  nature  led  him  early  to  analyze  and 
study  the  problems  of  railroad  construction  and  maintenance.  So  impressed  was  he 
with  these  problems,  and  so  desirous,  as  was  natural  for  him,  to  give  to  others  the 
benefit  of  his  consideration  of  them  that  he  early  commenced  publishing  papers  on 
railroad  location.  In  1874,  when  but  twenty-seven  years  of  age,  he  published  the 
"Computation  of  Earthwork  from  Diagrams."  From  1874  to  1878  he  commenced 
his  "Economic  Theory  of  the  Location  of  Railways,"  published  as  a  series  of 
papers  in  the  Railroad  Gazette  and  afterwards  published  in  book-form.  In  1887, 
the  last  edition,  a  much  larger  book  on  railway  location,  was  published  by  him. 
He  was  an  indefatigable  compiler  of  facts  and  figures  and  a  keen  analyzer  of  what 
they  showed.  He  was  a  ready  and  aggressive  writer,  and  had  a  facility  of  expres- 
sion which  adds  greatly  to  the  value  of  his  books. 

My  first  acquaintance  with  Mr.  Wellington  was  in  1878,  when  he  was  appointed 
assistant  engineer  on  the  Atlantic  and  Great  Western  Railroad.  The  organization 
at  that  time  was  different  from  what  it  is  now  on  the  New  York,  Pennsylvania  and 
Ohio  Railroads,  and  there  were  a  number  of  young  men  in  the  office  in  Cleveland 
as  Mr.  Latimer's  assistants.  We  soon  came  to  value  him  for  his  real  ability,  zeal 
and  energy,  and  for  his  invariable  good  humor  and  cheerfulness.  The  engineering 
department  was  then  engaged  in  working  out  a  number  of  interesting  problems, 
among  others  the  thorough  organization  of  the  department,  making  it  more  effective 
and  giving  it  its  true  standing  in  the  organization  of  the  road.  Among  the  engi- 
neering problems  were  those  of  lowering  the  grades;  replacing  the  wooden  bridges 
with  iron  ones ;  improving  the  permanent  way  by  the  adoption  of  standards  for  rail 
sections,  frogs,  switches,  etc.;  making  complete  maps  of  the  line  and  securing  full 
title  to  the  right  of  way ;  work  which  all  railroads,  about  that  time,  had  to  face. 
Under  the  admirable  leadership  of  Mr.  Latimer  each  of  us  had  his  special  work, 
and  Mr.  Wellington  rendered  valuable  assistance  in  many  of  these  lines,  more 
especially  in  the  problems  connected  with  the  lowering  of  the  grades,  and  in  editing 
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the  proceedings  of  the  road  masters'  meetings,  which  Mr.  Latimer  inaugurated  in 
order  to  bring  more  harmonious  action  and  more  effective  work  into  his  department. 
He  was  also  busily  engaged  in  carrying  on  a  series  of  experiments  looking  to  the 
determination  of  the  axle  friction  of  freight  cars,  and  also,  I  remember,  he  reported 
for  some  of  the  technical  journals  the  convention  of  the  Society  of  Civil  Engineers 
held  in  Cleveland,  besides  doing  other  literary  work. 

It  was  during  this  period  that  he  married  and  commenced  that  loving  compan- 
ionship which  lasted  to  the  end.  His  wife  was  essentially  a  helpmate  to  him,  accom- 
panying him  in  all  his  wanderings,  entering  into  all  his  plans,  and  living  her  life 
in  his,  a  sacrifice  which  he  certainly  returned  with  a  most  perfect  and  true  devo- 
tion.    We  do  well  to  tender  to  her  our  sincere  sympathy  in  her  widowhood. 

He  was  among  the  first  to  enter  heartily  into  the  idea  of  the  formation  of  this 
Club,  which  owes  much  to  his  organizing  ability  and  energy.  He  was  the  first,  I 
think,  to  conceive  of  the  idea  of  the  Journal  op  the  Association  op  Engi- 
neering Societies.  He  was  our  first  representative  on  the  Board  of  Managers  of 
that  Association,  and,  in  company  with  Mr.  Benezette  Williams  and  others,  he 
helped  largely  in  assuring  its  success.  He  was  always  interested  in  the  welfare  of 
the  Club ;  and  in  later  years,  when  I  have  met  him  in  New  York,  he  has  often  in- 
quired as  to  its  progress  and  as  to  the  welfare  of  its  older  members. 

There  are  in  the  profession  men  more  scientific  than  Mr.  Wellington  ;  men 
more  tactful  than  he;  men  who  will  leave  monuments  larger  and  greater  than  his> 
and  yet  his  place  will  be  found  difficult  to  fill.  His  best  work  was,  to  my  mind,  the 
editorship  of  the  Engineering  News.  He  brought  to  that  paper  a  facility  of  writing, 
an  aggressive  and  forceful  manner  full  of  suggestion  and  vim,  a  good,  clear  under- 
standing as  to  what  a  paper  of  that  kind  ought  to  be,  and  these  were  invaluable  in 
raising  its  position  and  placing  it  where  it  now  is  in  the  list  of  technical  papers. 

In  private  intercourse  he  was  a  warm-hearted,  conscientious  man,  faithful  to 
his  work,  only  wanting  that  work  to  be  as  well  done  as  it  could  possibly  be,  not 
lowering  others  that  he  might  rise,  of  even  temperament,  and  although  expressing 
his  opinions  forcibly,  and  retaining  them  with  persistence,  still  carrying  with  it  all 
a  high  sense  of  duty  and  a  sincerity  which  won  him  the  confidence  of  those  who 
were  fortunate  enough  to  be  intimately  acquainted  with  him. 

For  his  genius  as  a  writer,  for  his  ability  as  an  engineer,  for  his  love  for  his 
profession,  and  the  purity  and  simplicity  of  his  character,  it  is  eminently  fitting 
that  we  should  pay  a  tribute  to  his  memory. 

His  last  illness  was  brought  on  by  too  close  application  in  working  out  some 
problems  in  connection  with  a  suggested  change  in  the  steam  engine,  putting  in 
practical  shape  some  ideas  he  had  long  entertained.  Even  his  strong  constitution 
could  not  stand  the  protracted  want  of  exercise  and  of  regular  meals.  We  may 
exclaim  with  Byron : 

Oh  what  a  noble  heart  was  here  undone, 
When  science's  self  destroyed  her  favorite  son. 
'Twas  thine  own  genius  gave  the  final  blow 
And  helped  to  plant  the  wound  that  laid  thee  low. 


Association  of  Engineers  of  Virginia. 


ROANOKE,Va.,  July  11, 1895. — The  regular  summer  meeting  of  the  Association 
of  Engineers  of  Virginia  convened  in  Lexington  on  June  28,  1895,  in  the  chapel  of 
Washington  and  Lee  University.     The  meeting  was  called  to  order  by  Prof.  D.  C. 
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Humphreys,  who  introduced  Hon.  William  A.  Glasgow,  the  Mayor  of  Lexington, 
who  delivered  an  address  of  welcome,  according  to  the  Association  the  freedom  of 
the  town.  This  address  was  responded  to  by  the  Vice-President  of  the  Association, 
Mr.  M.  E.  Yeatman,  and  after  the  conclusion  of  his  remarks  he  announced  the  meet- 
ing open  for  business. 

On  motion  of  Mr.  H.  A.  Gillis,  the  business  of  the  meeting  was  deferred  until 
Friday  morning. 

Prof.  Humphreys  then  gave  a  very  interesting  talk  on  the  "  Improvement  of 
the  Mississippi  and  Missouri  Rivers,"  with  which  work  he  was  connected  for  a  num- 
ber of  years.  He  first  explained  the  troubles  due  to  the  washing  in  times  of  flood 
and  the  changes  that  take  place  in  the  river  bottoms,  and  with  the  help  of  lantern 
slides,  made  from  pictures  taken  on  the  ground  while  the  work  was  in  progress,  he 
explained  the  methods  used  in  holding  in  check  the  washing  and  changing  of  posi- 
tion of  channel. 

Mr.  Newall,  of  the  United  States  Geological  Survey,  exhibited  and  explained 
to  the  Association  the  apparatus  used  for  measurements  of  the  current  flow  of 
rivers.  This  ingenious  machine  is  arranged  so  that  a  screw  turned  by  the  force  of 
water  opens  and  shuts  an  electric  circuit,  which  working  a  sounder  registers  the 
speed  of  the  current. 

Session  then  adjourned  to  meet  Saturday,  June  29th,  at  9.30  a.m. 

Saturday,  June  29th,  meeting  called  to  order  by  Vice-President,  M.  E.  Yeat- 
man, at  9.30  A.M. 

The  following  report  by  the  committee  appointed  to  recommend  a  standard 
gauge  for  sheet  metal  and  wire  was  read  and  unanimously  adopted  : 

To  the  President  and  Members  : 

Your  committee  appointed  to  draw  up  resolutions  in  regard  to  the  introduction 
of  the  Decimal  Gauge  concludes  that  it  cannot  do  better  than  to  indorse  the  resolu- 
tion adopted  by  the  joint  committees  of  the  American  Society  of  Mechanical  Engi- 
neers and  the  American  Railway  Master  Mechanics'  Association,  at  their  meeting 
in  New  York,  February  13,  1895,  which  was  as  follows : 

Resolved,  That  while  the  Micrometer  Gauge  should  be  used  for  test  purposes  in 
the  laboratory,  yet  for  general  shop  use  a  solid  notched  gauge  is  desirable.  The 
form  of  this  gauge  should  be  an  ellipse  whose  major  axis  4  inches,  the  minor  axis 
2.5  inches,  and  the  thickness  .100  inches,  There  should  be  either  one  hole  .750// 
diameter  in  center,  or  one  at  each  of  the  foci  for  lightening  and  convenience.  This 
gauge  must  be  plainly  stamped  with  the  words  '  Decimal  Gauge  '  in  letters  .200// 
high,  and  below  this  the  name  of  the  trade  which  the  group  of  notches  is  to  cover, 
these  groups  to  be  selected  with  reference  to  the  needs  of  the  several  trades. 

All  sizes  of  notches  to  be  marked  in  thousandths  of  an  inch  without  a  zero 
prefixing  the  decimal  point,  but  with  inch  marks  after  the  figures,  thus,  .002// 

It  is  also  the  intention  of  this  committee  that  in  ordering  material  the  term 
"Gauge"  shall  not  be  used,  but  merely  the  thickness  in  thousandths  of  an  inch. 

Your  committee  also  recommends  the  following  rules  for  the  adoption  by  this 
Association  as  standard  : 

1st.  The  Micrometer  Caliper  should  be  used  for  laboratory  and  tool-room  work, 
and  in  shops  when  specially  desired. 

2d.  The  solid  notched  gauge  should  be  used  for  general  shop  purposes. 

3d.  The  form  of  this  gauge  shall  be  an  ellipse  whose  major  axis  is  4  inches,  the 
minor  axis  2.5  inches,  and  the  thickness  .1  inch,  with  a  central  hold  .75  inch  in 
diameter. 


.022" 

.060" 

.110' 

.025" 

.065" 

.125' 

.028" 

.070" 

.135' 

.032" 

.075" 

.150/ 

.036" 

.080" 

.165/ 

.040" 

.085" 

.180' 

.045" 

.090" 

.200' 

.050" 

.095" 

.220' 

.055" 

.100" 

.240 
.250' 
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4th.  For  general  railroad  purposes  the  notches  may  be  as  follows : 
.002" 
.004" 
.006" 
.00S" 
.010" 
.012" 
.014" 
.016" 
.018" 
.020" 

5th.  All  notches  to  be  marked  as  in  the  above  list. 

6th.  The  gauge  must  be  plainly  stamped  with  the  words  "Decimal  Gauge  "  in 
letters  .2"  high. 

7th.  In  ordering  material  the  term  "Gauge"  shall  not  be  used,  but  the  thick- 
ness ordered  by  writing  the  decimal  as  in  above  list.  (For  sizes  over  ]-"  the  ordi- 
nary common  fractions  may  be  used.) 

G.  R.  Henderson,       -v 
Chas.  S.  Churchill,  >■  Committee. 
R.  H.  Sotjee,  i 

The  report  was  unanimously  adopted. 

The  following  names  having  been  duly  approved  by  the  membership  commit- 
tee were  proposed  for  membership :  Harry  Frazier,  Richmond,  Va.;  Wm.  F.  Wall, 
Price's  Fork,  Va.;  Samuel  M.  Barton,  Blacksburg,  Va.,  and  John  T.  Worthington, 
Roanoke,  Va.  On  motion,  the  Secretary  was  instructed  to  cast  the  ballot  of  the 
Association  for  these  members. 

Mr.  H.  A.  Gillis,  of  Roanoke,  then  read  a  paper  on  the  "  Surface  Hardening  of 
Cast  Iron,"  exhibiting  quite  a  number  of  specimens  of  cast  iron  hardened,  with 
chill  blocks  of  various  thicknesses,  and  also  of  specimens  of  hardening  by  a  process 
similar  to  that  used  in  case  hardening  wrought  iron.  This  paper  brought  out  much 
interesting  discussion,  and  on  motion  was  referred  to  the  publication  committee. 

Col.  J.  W.  Brooks,  of  the  Virginia  Military  Institute,  exhibited  the  apparatus 
used  by  him  forty  years  ago  in  making  "  deep  sea  soundings,"  and  explained  the 
methods  and  the  results  obtained.  This  device,  as  designed  by  Col.  Brooks,  is  in 
principle  the  same  as  that  now  in  use,  though  some  improvements  have  been  made 
in  the  matter  of  facilities  for  handling  and  by  the  substitution  of  steel  wire  for 
a  hemp  cord. 

A  vote  was  passed  by  the  Association  thanking  the  Washington  and  Lee  Uni- 
versity for  the  use  of  their  buildings,  the  Town  Council  and  citizens  of  Lexington 
for  the  hospitable  reception  given  the  Association,  and  the  ladies  present  for  their 
attendance  upon  the  sessions  of  the  Association. 

Adjourned.  Jno.  A.  Pilcher,  Secretary. 
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Technical  Society  of  the  Pacific  Coast. 

Regular  Meeting,  August  2,  1895. — Called  to  order  by  President  Dickie. 

Minutes  of  the  last  regular  meeting  of  June  7,  1895,  approved.  Jno.  H. 
Hopps,  Lincoln  Nissley  and  Tom  W.  Ransom  were  upon  ballot  declared  elected 
members  of  the  Society. 

The  Committee  on  Resolutions  relating  to  the  removal  of  Prof.  Geo.  Davidson 
from  the  head  of  the  Pacific  Coast  Division  of  the  U.  S.  Coast  and  Geodetic  Survey 
reported  the  following  resolutions,  which  were,  on  motion,  unanimously  adopted, 
and  the  Secretary  was  instructed  to  send  copies  of  the  same  to  our  Representatives 
in  Congress  and  to  furnish  copies  to  the  newspapers : 

Resolved,  by  the  Technical  Society  of  the  Pacific  Coast :  That  the  Society  views 
with  much  concern  an  apparent  tendency  to  curtail  the  work  of  purely  Scientific 
Bureaus  of  the  Government,  or  to  transfer  it  to  Departments  where  political  and 
personal  influence  will  be  sure  to  impair  the  famous  records  of  such  Bureaus. 

Resolved,  That  this  Society,  seeing  additional  evidence  of  this  tendency  in  the 
removal  of  Prof.  Geo.  Davidson  from  the  head  of  the  Pacific  Coast  Division  of  the 
U.  S.  Coast  and  Geodetic  Survey,  expressed  regret  that  he  should  have  been  removed 
without  apparent  cause,  after  a  life  service  of  the  most  brilliant  character. 

He  has  by  years  of  efficient  and  distinguished  service  shown  unusual  devotion 
to  scientific  work,  and  his  labors  have  been  a  credit  not  only  to  the  Bureau  with 
which  he  has  been  connected  for  nearly  half  a  century,  but  they  entitle  him  to  the 
lasting  gratitude  of  this  Nation  and  particularly  of  the  residents  of  this  Coast,  with 
whose  interest  he  has  so  long  been  identified. 

This  Society  further  desires  to  express  the  hope  that  Prof.  Davidson,  in  the 
vigor  of  his  mature  years,  may  yet  find  abundant  opportunity  for  satisfactorily 
utilizing  his  professional  and  scientific  attainments. 

(Signed)        John  Richards,         -> 

Otto  von  Geldern,  >  Committee. 
C.  E.  Grunsky.  j 

Prof.  Chas.  D.  Marx  then  read  the  paper  of  the  evening  :  "  Some  Experiments 
on  Water-ram  in  Pipes,"  which  led  to  a  discussion,  in  which  President  Dickie 
referred  to  the  very  interesting  experience  had  on  the  "  Comstock  Lode "  in  con- 
nection with  the  ram  in  the  pipes  from  deep  shafts. 

Adjourned.  Otto  von  Geldern,  Secretary. 

Per  C.  E.  Grunsky,  Acting  Secretary. 
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Civil  Engineers'   Clnb  of  Cleveland. 


Case  Library  Building,  Cleveland,  Ohio,  September  10,  1895. — The 
meeting  of  the  Club  was  called  to  order  at  about  8  o'clock,  by  President  Mordecai. 
Present,  31  members  and  visitors. 

The  minutes  of  the  last  meeting  were  read  and  approved. 

The  reports  of  the  Executive  Board  for  their  last  four  meetings  were  read  and 
approved.  The  applications  for  active  membership  from  Geo.  S.  Rider  and  F.  A. 
Smythe  were  read. 

The  report  of  the  Picnic  Committee,  Jos.  Leon  Gobielle,  Chairman,  was  read, 
adopted  and  ordered  placed  on  file. 

Mr.  Ambrose  Swasey  reported  in  regard  to  the  excursion  to  Lorain.  There 
were  fifty-five  engineers  and  visitors  in  attendance  on  that  occasion. 

The  paper  of  the  evening,  entitled  "  Educational  Architecture,"  was  then  read 
by  Mr.  Barnum. 

Mr.  Barnum  spoke  eloquently  of  the  educative  influence  of  architecture,  the 
greatest  of  the  fine  arts ;  of  the  present  status ;  the  outlook,  etc. 

He  was  followed  in  discussion  by  Dr.  Cady  Staley,  Architect  John  Eisenmann, 
and  others. 

Some  views  of  the  new  Boston  public  library  were  exhibited  at  the  request  of 
President  Mordecai,  and  that  building  was  offered  as  an  example  of  some  good 
things  that  are  now  being  done. 

After  the  meeting,  the  Club  adjourned  to  one  of  the  vacant  stores  on  the  ground 
floor,  and  indulged  in  a  light  luncheon.  F.  A.  Coburn,  Secretary. 


The  Technical  Society  of  the  Pacific  Coast. 


Regular  Meeting,  September  6, 1895. — Called  to  order  at  8.30  p.m.,  by  Presi- 
dent Dickie.     The  minutes  of  the  last  regular  meeting  were  read  and  approved. 

The  following  applications  were  read  and  referred  to  the  Executive  Committee, 
for  members  : 

W.  F.  Englebright,  Civil  Engineer,  of  Nevada  City,  proposed  by  Hubert  Vis- 
cher,  Geo.  F.  Schild  and  Otto  von  Geldern. 
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Dana  Harmon,  Mining  Engineer,  of  Nevada  City,  proposed  by  John  W.  Gray, 
Hubert  Vischer  and  L.  J.  LeConte. 

W.  W.  Waggoner,  Mining  Engineer,  of  Nevada  City,  proposed  by  C.  E. 
Grunsky,  Hubert  Vischer  and  Adolph  Lietz. 

Mr.  Edward  S.  Cobb  then  read  the  paper  of  the  evening,  explaining  in  detail 
the  design  of  a  large  wrought-iron  wheel.     A  discussion  of  the  subject  ensued. 

The  President  then  referred  to  the  present  condition  of  the  Technical  Society, 
and  suggested  the  advisability  of  holding  meetings  of  a  social  character,  in  order 
to  bring  together  all  the  elements  of  the  Society.  Such  meetings  should  be  held  at 
regular  intervals,  and  might  take  the  form  of  a  dinner.  After  discussing  the  sub- 
ject, it  was  moved  that  the  Board  of  Directors  make  the  necessary  arrangements  for 
a  social  gathering — or  dinner — at  the  time  of  the  next  regular  meeting  in  October, 
and  that  the  Secretary  be  instructed  to  send  the  necessary  circulars  of  information 
to  the  members,  after  the  action  of  the  Directors. 

Adjourned.  Otto  von  Geldern,  Secretary. 


Engineers''  Clnb  of  St.  Eonis. 


421st  Meeting,  September  18,  1895. — President  Russell  called  the  Club  to 
order  at  8.30  p.m.,  at  1600  Lucas  Place,  fifteen  members  and  two  visitors  present. 

Mr.  A.  L.  Johnson  opened  the  discussion  on  "The  Inspection  of  Structural 
Steel,"  the  subject  being  of  special  interest  just  now  on  account  of  the  widespread 
attention  which  has  recently  been  given  it  in  the  columns  of  the  Engineering  News. 
Mr.  Johnson  stated  the  ordinarily  accepted  definitions  of  the  terms  "  elastic 
limit,''  "yield  point,"  and  "break-down  point."  He  showed  the  extreme  difficulty 
of  determining  these  characteristics,  particularly  with  very  high  grade  steel,  such 
as  is  used  in  drawn  wire.  He  doubted  seriously  whether  any  existing  method  gave 
us  an  exact  determination  of  these  points.  He  doubted  furthermore,  whether  it  was 
necessary  to  know  them,  as  the  ultimate  strength  and  elongation  told  us  all  that 
was  really  essential  for  us  to  know  about  any  material.  In  his  opinion,  advanced 
practice  would  warrant  the  omission  of  the  elastic  limit  in  all  specifications. 

Mr.  Robt.  Moore  agreed  fully  with  Mr.  Johnson.  The  elastic  limit  being 
uncertain  and  difficult  of  determination,  he  had  for  some  years  omitted  it  entirely 
from  his  specifications. 

Prof.  J.  B.  Johnson  called  attention  to  the  fact  that  for  all  commercial  purposes 
the  three  points,  elastic  limit,  yield  point,  or  break-down  point,  were  one  and  the 
same,  and  need  only  be  considered  separately  in  an  abstract  scientific  study  of  the 
subject.  He  showed  charts  from  tests  recently  made  by  Prof.  Grey  at  Terre  Haute, 
made  on  what  is  perhaps  the  best  apparatus  in  existence  for  the  purpose.  These 
showed  a  practically  straight  line  from  the  origin  to  the  yield  point. 

Mr.  Bryan  thought  that  we  should  not  lose  sight  of  the  elastic  limit,  for  the 
reason  that  it  and  not  the  ultimate  strength  indicated  what  could  be  done  with  a 
material.  It  was  important  to  know  when  the  structure  would  begin  to  distort  seri- 
ously, rather  than  when  it  would  fail  altogether.  He  thought  it  would  be  better  to 
use  reduced  factors  of  safety,  based  upon  the  yield  point  rather  than  the  ultimate 
strength.  In  reply,  Mr.  Moore  stated  that  the  ultimate  strength  and  elongation 
were  properties  which  could  be  readily  and  accurately  determined,  and  that  in  all 
standard  materials  the  elastic  limit  bore  a  certain  relation  to  the  ultimate  strength, 
which  relation  did  not  vary  materially. 
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President  Russell  called  attention  to  ihe  difficulty  which  the  designing  engineer 
met  with  in  using  the  accepted  formula?  when  so  much  uncertainty  existed  as  to  the 
elastic  limit. 

William  H.  Bryan,  Secretary. 


Boston  Society  of  Civil  Engineers. 


September  18,  1895. — A  regular  meeting  was  held  at  the  Society  rooms,  36 
Bromfield  Street,  Boston,  at  7.50  o'clock,  p.m.,  President  Albert  F.  Noyes  in  the 
chair.     Sixty-seven  members  present. 

The  record  of  the  last  meeting  was  read  and  approved. 

Mr.  John  F.  Lyman  was  elected  a  member  of  the  Society. 

The  report  of  the  Committee  on  Weights  and  Measures  submitted  at  the  last 
meeting  and  referred  to  this  meeting  for  action,  was  recommitted  to  the  Committee 
for  a  full  report. 

The  Secretary  presented  an  engrossed  copy  of  the  resolution  of  thanks  to  this 
Society  passed  by  the  American  Society  of  Civil  Engineers  at  its  annual  convention 
in  June  last. 

A  communication  was  also  read  from  Mr.  O.  Chanute,  transmitting  a  pho- 
tographic reproduction  of  a  vote  of  thanks  passed  by  the  German  Society  of 
Engineers  to  the  associated  societies  which  maintained  the  engineering  headquarters 
at  Chicago  during  the  World's  Fair. 

Mr.  Howe  gave  notice  in  writing  of  a  proposed  amendment  to  By-law  1,  chang- 
ing the  night  of  meeting  from  Wednesday  to  Friday. 

The  President  announced  the  deaths  of  Willis  H.  Hall  which  occurred  August 
26,  1895,  and  Marshall  M.  Tidd,  which  occurred  August  20,  1895,  and  by  vote  of 
the  Society  he  was  requested  to  appoint  committees  to  prepare  memoirs. 

Mr.  Percy  N.  Kenway  read  the  paper  of  the  evening  entitled  "A  Study  of  the 
Heating  and  Ventilating  Plants  in  the  Suffolk  County  Court  House  and  in  the 
Massachusetts  State  House."  The  reading  of  the  paper  was  followed  by  a  discus- 
sion in  which  Prof.  S.  H.  Woodbridge,  who  designed  the  State  House  plant,  Mr. 
Frederic  Tudor  and  others  took  part. 

Adjourned.  S.  E.  Tinkham,  Secretary. 


Adelbert  L.  Spragiie. — A  Memoir. 


By  Frank  A.  Foster  and  Frank  O.  Whitney,  Committee  of  the  Boston 
Society  of  Civil  Engineers. 


[Read  June  12,  1895.] 

Adelbert  Leroy  Sprague,  son  of  William  F.  and  Abbie  J.  Sprague,  was  born  in 
Foxboro,  Mass.,  October  23,  1872. 

His  parents  removed  to  Boston  in  1883,  from  which  time  he  attended  the 
Bigelow  Grammar  and  English  High  Schools  until  his  graduation  from  the  latter 
in  1888. 

He  entered  the  City  Surveyor's  office,  Boston,  immediately  after  leaving  school 
at  the  age  of  fifteen,  being  the  youngest  person  ever  employed  in  that  department. 


12  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

For  five  years  he  served  the  city  with  characteristic  fidelity,  rising  from  the 
position  of  rodman  to  that  of  an  assistant  surveyor. 

In  March,  1 893,  he  gave  up  his  position  in  the  city  service  to  take  a  more 
responsible  one  with  the  Brookline  Gas  Light  Co.,  where  he  was  engaged  in  work 
connected  with  the  extension  of  their  business  into  the  city  of  Boston. 

In  June,  1894,  he  left  the  company's  service  and  entered  the  office  of  Mr. 
Frank  A.  Foster ;  his  work  in  that  office  was  on  the  preliminary  survey  of  the 
Middlesex  Fells  and  Lynn  Wood  s  Park  Way,  and  later  on  the  Blue  Hills  Park 
Way. 

He  was  joined  in  marriage  to  Miss  Mabel  Lord,  only  three  months  before  his 
death,  which  occurred  April  12,  1895. 

Although  cut  off  at  an  early  age  he  had  gained  for  himself  a  reputation  for 
carefulness  and  competency  attained  by  few  of  maturer  years. 

His  modest  bearing,  genial  disposition  and  devotion  to  his  profession  endeared 
him  to  his  friends  and  impressed  all  who  knew  him. 
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"Western  Society  of  Engineers. 


The  Annual  Pleasure  Outing  of  the  Society  was  an  excursion  to  Milwaukee  by 
the  steamer  "  Indiana,"  Monday  evening,  August  5, 1895,  arriving  Tuesday  morning. 
The  attendance  was  not  large,  but  the  trip  was  a  very  enjoyable  one.  During  the 
forenoon  the  party  visited  the  new  Sixteenth  Street  viaduct  and  Bascule  Bridge, 
the  shops  of  the  Edward  P.  Allis  Co.,  and  the  Chicago  &  Northwestern  Railway 
drawbridge,  operated  by  a  gas  engine.  In  the  afternoon,  carriages  were  taken  for 
a  drive  about  the  city  under  escort  of  Mr.  M.  G.  Schinke,  Assistant  City  Engineer, 
visiting  the  new  City  Pumping  Works,  and  Pabst's  Brewery.  Return  to  Chicago 
was  by  steamer  "  Virginia,"  on  Tuesday  evening. 

A  Special  Meeting  (332d)  of  the  Society  was  held  in  the  Society's  rooms,  Wed- 
nesday evening,  August  7,  1895,  for  consideration  of  the  action  of  the  Board  of 
Managers  of  the  Association  of  Engineering  Societies  on  the  recommendations 
made  to  them  by  the  Western  Society  of  Engineers  with  reference  to  the  conduct  of 
the  Journal,  and  also  for  the  determination  of  the  course  the  Western  Society  is  to 
pursue  with  reference  to  the  Journal.  President  Horton  in  the  chair,  and  sixteen 
members  present. 

The  objects  for  which  the  meeting  was  called  were  fully  discussed  by  various 
members. 

On  motion  of  Mr.  Robt.  W.  Hunt,  it  was  voted  "That  the  Board  of  Managers 
of  the  Associated  Societies  be  requested  to  render  the  societies  in  the  Association  a 
financial  statement  for  the  first  quarter  of  the  present  year,  and  for  each  quarter 
thereafter,  showing  the  cost  of  the  Journal,  the  number  of  members  in  each  Society 
on  the  Journal  mailing  list,  the  amount  of  money  paid  by  each  Society,  and  the 
amount  any  Society  is  delinquent." 

The  following  resolution  was  presented  by  Mr.  J.  J.  Reynolds,  and  was  duly 
seconded : 

Resolved,  That  the  Western  Society  of  Engineers  withdraw  from  the  Association 
of  Engineering  Societies,  and  that  the  Secretary  of  this  Society  notify  the  Associa- 
tion of  such  action. 

A  letter  ballot  on  the  above  resolution  was  demanded  by  five  members  :  Messrs. 
J.  J.  Reynolds,  Alex.  E.  Kastl,  Ebin  J.  Ward,  Frank  P.  Kellogg  and  B.  E.  Grant 
— under  the  provisions  of  Section  2,  Article  V  of  the  Constitution,  and  the  Presi- 
13  (13) 
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dent  nnnounced  that  therefore  a  letter  ballot  would  be  taken  on  the  resolution. 
Adjourned. 

Charles  J.  Roney,  Secretary. 

The  invitation  of  the  Chicago  Ship  Building  Company,  through  its  manager, 
Mr.  W.  I.  Babcock,  member  of  the  Society,  for  the  Western  Society  of  Engineers 
to  be  present  at  the  launching  of  the  steel  steamer  "Zenith  City,"  on  Wednesday 
afternoon,  August  14,  1895,  was  accepted  by  about  75  members  and  their  friends. 

For  this  enjoyable  occasion  and  courtesies  tendered,  thanks  are  also  due  to  the 
Shailer  &  Schniglau  Co.,  the  Fitz  Simons-Connel  Co.,  Messrs.  O.  B.  Green  and  J. 
J.  Reynolds,  and  to  our  efficient  Excursion  and  Entertainment  Committee,  through 
whose  joint  efforts  this  junket  was  made  without  drawing  on  the  Society's  funds. 

It  is  regretted  that  the  time  of  notification  to  the  Committee  precluded  sending 
invitations  by  mail  to  non-resident  members. 


The  333d  Meeting  of  the  Society  was  held  in  the  Society's  rooms,  Wednesday 
evening,  September  4,  1895.  President  Horton  in  the  chair,  and  thirty-five  mem- 
bers present. 

The  minutes  of  the  meeting  of  June  5th  (331st),  and  of  the  Special  Meeting  of 
August  7th  (332d),  were  read  and  approved. 

The  Secretary  reported  for  the  Board  of  Directors  : 

Applications  for  membership  have  been  received  and  filed  as  follows: 

As  Members,  James  C  Long,  U.  S.  Asst.  Engineer,  Tiskilwa,  111.,  and  John 
Cornelius  Bley,  Mechanical  Engineer,  Chicago. 

At  the  meeting  of  the  Board  of  Directors  held  July  2,  1895,  the  Treasurer 
reported  a  balance  on  hand,  July  1,  1895,  of  $2,072.47. 

Bills  to  the  amount  of  $1,062.44  were  approved  and  ordered  paid.  The  above 
amount  includes  bills  from  the  Association  of  Engineering  Societies  for  the  Final 
Assessment  for  1894,  and  for  the  first  and  second  quarterly  assessments  for  1895, 
amounting  to  $840.30. 

Mr.  Thos.  T.  Johnston  was  elected  as  Representative  of  the  Society  on  the 
Board  of  Managers  of  the  Association  of  Engineering  Societies  vice  Mr.  Thos.  Ap- 
pleton,  resigned. 

At  the  meeting  held  August  6,  1S95,  the  Treasurer  reported  a  balance  on  hand 
August  1,  1895,  of  $1,403.35. 

Bills  to  the  amount  of  $134. 2S  were  approved  and  ordered  paid. 

The  President  announced  the  resignation  of  Mr.  L.  E.  Cooley  as  a  member,  on 
the  part  of  the  Western  Society  of  Engineers,  in  the  Chicngo  Municipal  Improve- 
ment League,  and  the  appointment  of  Mr.  Thos.  T.  Johnston  to  serve  the  remain- 
der of  the  unexpired  term. 

The  matter  of  letter  ballot  on  the  question  of  withdrawal  from  the  Associa- 
tion of  Engineering  Societies  was  then  discussed.  The  unanimous  sense  of  the 
meeting  was  that  the  votes  should  he  returnable  on  September  24th,  and  the 
result  announced  at  an  adjourned  meeting  at  Armour  Institute,  on  the  evening  of 
that  day. 

The  Secretary  announced  the  death  of  Mr.  Wm.  A.  Hammett,  a  member  of 
the  Society,  and  requested  information  from  members  regarding  Mr.  Hammett's 
life  and  professional  career. 

The  Secretary  also  read  a  letter  from  Mr.  O.  Chanute,  accompanied  by  a 
translation  of  a  letter  from  the  Society  of  German  Engineers,  and  a  photograph 
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of  an  artistic  memorial,  expressing  the  thanks  of  the  Society  of  German  Engineers 
for  the  reception  given  its  members  by  the  Associated  Engineering  Societies  at  their 
headquarters  in  "Chicago,  during  the  summer  of  1S93,  and  the  matter  was,  by  vote, 
referred  to  the  Board  of  Directors  for  suitable  action. 

The  Secretary  then  read  an  invitation  to  the  Society  to  appoint  delegates  to 
attend  the  First  Annual  Convention  of  the  International  Deep  Waterways  Associa- 
tion, to  be  held  at  Cleveland,  Ohio,  September  24,  25,  26,  1895,  and  the  matter  was 
referred  to  the  Board  of  Directors  with  power  to  act.  On  motion,  the  meeting 
adjourned  to  meet  at  the  Armour  Institute  of  Technology,  on  Tuesday  evening, 
September  24,  1895,  at  8  p.m. 

The  adjourned  (333d)  meeting  of  the  Society  was  held  in  Science  Hall,  Armour 
Institute  of  Technology,  Tuesday  evening,  September  24,  1895.  President  Horton 
in  the  chair,  and  fifty-five  members  and  guests  present.  The  Secretary  read  the 
following  report : 

September  24,  1895. 
The   Western  Society  of  Engineers  : 

We,  the  undersigned  Judges  of  Election,  appointed  by  the  Board  of  Directors, 
having  duly  canvassed  the  vote  cast  on  a  special  election,  closing  at  3  p.m.,  Septem- 
ber 24,  1895,  on  the  following  resolution  : 

"Resolved,  That  the  Western  Society  of  Engineers  withdraw  from  the  Associa- 
tion of  Engineering  Societies,  and  that  the  Secretary  of  this  Society  notify  the 
Association  of  such  action,"  report  as  follows: 

Total  number  of  votes  received 269 

Rejected  for  informality 3 

Total  votes  counted 266 

of  which  87  votes  were  No,  and  179  votes  were  Yes. 

Respectfully  submitted, 

Wm.  B.  Ewing, 
John  W.  Alvord, 

Judges  of  Election. 

The  President  announced — The  vote  is  in  the  affirmative,  the  ayes  being  in 
the  majority,  the  resolution  is  carried,  and  the  Secretary  will  give  proper  notifi- 
cation. 

Mr.  Ambrose  V.  Powell  then  read  his  paper,  "Some  Notes  on  the  Dry  Docks 
of  the  Great  Lakes,"  illustrated  by  many  fine  lantern  views,  which  were  fully 
described  as  presented,  and,  after  further  interesting  remarks  by  Mr.  Powell,  the 
meeting  adjourned. 

Charles  J.  Roney,  Secretary. 


Engineers'  Club  of  St.  Louis. 


422d  Meeting,  October  2,  1895. — The  President  announced  the  death  of 
Alex  E.  Abend,  and  stated  that  Mr.  Edward  Flad  had  consented  to  prepare  a  me- 
morial for  presentation  at  an  early  meeting. 

On  behalf  of  the  committee,  Mr.  Robert  Moore  then  presented  to  the  Club  the 
oil  portrait  of  Colonel  Henry  Flad.     His  remarks  were  as  follows: 

Mr.  President  and  Gentlemen : 

Early  in  the  present  year  s-everal  members  of  the  Engineers'  Club  of  St.  Louis 
formed  themselves  into  a  committee  to  secure  an  oil  portrait  of  Col.  Henry  Flad 
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for  presentation  to  the  Club.  In  the  belief  that  many  other  members  would  esteem 
it  a  privilege  to  join  in  this  undertaking,  a  circular  letter  was  sent  to  every  mem- 
ber, offering  him  the  opportunity  to  contribute  thereto.  The  response  to  this  cir- 
cular justified  our  expectations,  and  the  requisite  amount  of  money  was  easily 
secured.  The  committee  thereupon  engaged  as  artist,  Mr.  Chas.  F.  von  Saltsza,  of 
the  St.  Louis  School  of  Fine  Arts,  who  had  executed  some  most  admirable  works  of 
this  character,  and,  what  was  no  less  important,  secured  also  the  co-operation  of 
Col.  Flad  to  assist  the  artist  with  sittings.  The  result  is  a  portrait  which  a  num- 
ber of  the  intimate  friends  of  the  Colonel  pronounce  an  excellent  likeness,  and 
which  we  think  will  commend  itself  as  such  to  the  Club  at  large. 

To  those  who  have  had  the  privilege  of  a  personal  acquaintance  with  Colonel 
Flad,  and  the  opportunity  of  knowing  at  first-hand  his  high  personal  and  profes- 
sional qualities,  nothing  need  be  said  in  justification  of  any  steps  to  perpetuate  his 
memory.  To  those  who  have  not  been  thus  fortunate,  it  will  be  enough  barely  to 
recall  his  honorable  record  as  captain  and  then  as  colonel  of  a  Missouri  regiment  of 
engineers  during  the  late  war  ;  his  service  after  the  war  as  assistant  to  Mr.  Kirk- 
wood  in  designing  the  St.  Louis  water  works,  and  then  as  a  member  of-  the  Board 
of  Water  Commissioners,  under  whose  direction  these  plans  were  carried  out ;  his 
brilliant  engineering  work  as  a  colleague  with  Captain  Eads  in  the  construction  of 
the  St.  Louis  bridge ;  his  presidency  of  the  American  Society  of  Civil  Engineers, 
and  his  twelve  years'  term  as  president  of  the  Engineers'  Club  of  St.  Louis,  of  which 
he  was  a  charter  member;  his  fifteen  years  of  service  as  president  of  the  Board  of 
Public  Improvements  of  St.  Louis,  during  which  time  the  public  works  of  the  city 
were  conducted  with  a  fidelity  and  skill  unsurpassed  in  any  city  of  the  world ;  and 
last,  his  present  work  as  one  of  the  most  active  members  of  the  Mississippi  River 
Commission.  As  soldier,  as  citizen,  and  as  engineer,  his  career  has  always  been 
marked  by  distinguished  ability,  unswerving  integrity,  and  absolute  devotion  to  the 
public  good.  No  citizen  is  more  worthy  of  perpetual  remembrance  in  St.  Louis 
than  is  Col.  Henry  Flad. 

It  is  with  no  ordinary  pleasure,  therefore,  that,  on  behalf  of  the  committee 
and  all  those  who  have  shared  in  this  enterprise,  I  now  present  his  portrait  to  the 
Engineers'  Club  of  St.  Louis,  trusting  that  it  may  be  long  preserved  as  a  reminder 
of  his  great  public  services,  and  as  a  continual  source  of  pride  and  inspiration  to 
the  members  of  the  Club. 

Mr.  Richard  McCulloch  then  read  a  paper  on  "  The  Continuous  Rail  in  Street 
Railway  Service."  He  described  briefly  the  work  done  in  St.  Louis  and  elsewhere, 
and  the  processes  employed.  The  paper  was  illustrated  by  drawings,  photographs, 
rail  sections,  and  samples  of  joints.  Two  systems  had  been  employed  in  St.  Louis, 
electric  welding  and  cast  welding.  The  latter,  requiring  a  less  expensive  plant, 
being  simpler  and  easier  to  operate,  and  the  work  appearing  to  stand  service  better, 
had  been  given  the  preference.  In  spite  of  the  extreme  temperatures  but  a  very 
small  percentage  of  the  joints  had  broken,  and  these  were  clearly  due  to  defective 
welds.  The  cost  was  not  greatly  in  excess  of  the  old  fish-plate  method.  It  was 
thought  that  the  rail  being  surrounded  by  earth  or  paving  on  all  sides  except  the 
top,  it  was  protected  from  the  extreme  variations  of  temperature  and  being  held 
rigidly  in  position,  these  two  features  tended  to  counteract  the  expansion  and  con- 
traction which  would  ordinarily  be  expected. 

William  H.  Bryan,  Secretary. 


423d  Meeting,  October  16, 1895.— President  Russell  called  the  Club  to  order 
at  1600  Lucas  Place  at  8.30  p.m.     Twenty-two  members  and  six  visitors  present. 

Mr.  Edward  Flad  read  the  following  memorial : 

"Alexander  E.  Abend  was  born  at  Belleville,  111.,  in  1859.  He  received  his 
education  at  Washington  University,  in  this  city,  graduating  from  that  institution 
in  1881  with  the  degree  of  C.E. 

"  For  the  first  few  years  after  leaving  the  university  he  devoted  himself  almost 
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entirely  to  railroad  work,  being  employed  as  assistant  engineer  and  division  engi- 
neer on  the  Northern  Pacific  Railroad  and  the  Oregon  and  California  Railroad. 
Returning  to  Belleville  in  1885,  he  was  appointed  to  the  position  of  constructing 
engineer  and  superintendent  of  the  City  Water  Works  of  Belleville. 

"Later  he  opened  an  office  as  Surveyor  in  East  St.  Louis,  and  in  1893  was 
appointed  to  the  position  of  city  engineer  for  that  city. 

"  An  era  of  improvement  had  begun  in  East  St.  Louis  ;  large  amounts  of  money 
were  expended  in  grading  and  paving  streets,  constructing  sewers  and  other  public 
works.  As  city  engineer  such  improvements  were  conducted  under  his  supervision. 
The  ability  which  he  displayed  in  designing  and  carrying  out  this  work  is  per- 
haps best  attested  by  the  fact  that  upon  the  election  of  the  present  mayor,  some 
months  ago,  Ales.  Abend  was  reappointed  to  the  position  of  city  engineer,  although 
his  sympathies  were  known  to  have  been  with  the  defeated  candidate. 

"  Those  of  us  who  were  his  classmates  at  the  university — and  this  Club  num- 
bers six  such  among  its  members — will  remember  Alex.  Abend  as  a  conscientious 
student,  fair-minded,  honest,  possessed  of  good  sound  judgment,  and  a  companion- 
able disposition.  He  had  those  qualities  which  would  lead  one  to  predict  a  useful 
life,  endeared  with  ties  of  love  and  friendship.  And  such  was  his  life  until  an 
over-wrought  nature  succumbed  to  mental  worry,  and  unable  to  longer  bear  up 
against  the  cares  which  beset  him,  he,  with  his  own  hands,  put  an  end  to  the  strug- 
gle on  the  afternoon  of  September  18,  1895. 

"  To  his  widow  and  family  our  deepest  sympathy  is  extended." 
Ordered  that  this  memorial  be  spread  upon  the  records  of  the  Club. 
President  Russell  then  gave  the  Club  the  results  of  some  tests  on  bronze  for 
tension  and  compression,  made  by  the  Washington  University  testing  laboratory 
for  the  water  works  extension.  Tables  of  the  results,  with  charts  and  diagrams, 
were  shown.  Messrs.  Flad,  Baier,  A.  L.  and  J.  B.  Johnson,  Holman  and  Moore 
took  part  in  the  discussion.  It  was  shown  that  the  compressive  strength  of  metals 
which  flow  could  not  be  determined. 

Mr.  William  H.  Bryan  then  read  a  paper  on  "  Pamphlet  Filing,"  explaining 
the  difficulties  he  had  met  with  in  filing  and  indexing  the  many  kinds  of  pam- 
phlets which  an  engineer  receives,  and  giving  his  solution  of  the  problem,  showing 
how  all  the  data  on  any  one  of  more  than  a  hundred  different  subjects  could  be 
immediately  located. 

Discussion  followed  by  Messrs.  Holman  and  Flad. 

Mr.  M.  L.  Holman  then  explained  the  break  which  occurred  on  Saturday, 
12th  inst.,  in  the  dividing  wall  between  two  reservoirs  at  the  Chain  of  Rocks. 
The  water  had  broken  down  through  the  concrete  bottom  of  a  full  reservoir,  and 
up  into  the  adjoining  empty  reservoir.  The  concrete  foundation  had  been  entirely 
washed  away,  but  the  wall  itself  was  intact,  leaving  a  span  of  nearly  60,  and  a 
depth  of  15  feet.  It  was  proposed  to  repair  it  by  concrete  foundation  under  the 
wall,  and  puddling  work  under  the  concrete  bottom. 

Attention  was  called  to  the  necessity  of  making  provision  for  expansion  and 
contraction  of  long  masonry  walls  when  built  as  monoliths.  It  was  found  in 
practice  that  walls  which  were  perfectly  tight  in  summer  developed  cracks  of  con- 
siderable area  in  winter.  These  were  stopped  by  packing  them  with  oakum  dipped 
in  cement,  which  recpiired  renewal  every  winter. 

Messrs.  Flad,  Crosby,  Johnson,  Russell  and  Bryan  participated  in  the  discus- 
sion. 
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Civil  Engineers'  Society  of  St.  Panl. 


October  7,  1895. — A  regular  meeting  of  the  Civil  Engineers'  Society  was 
held  at  the  Society  room  at  8.15  p.m.  Vice-President  Hilgard  presided.  Fourteen 
members  and  eleven  visitors  were  present. 

Minutes  of  previous  meeting  were  read.  An  invitation  from  M.  Jules  Lertnina, 
Secretary,  to  join  the  International  Literary  and  Artistic  Association,  was  referred 
to  Mr.  Estabrook  and  Mr.  Miinster. 

The  Committee  Report  of  the  Board  of  Regents  of  the  University  of  Minne- 
sota on  the  State  Survey,  was  placed  on  file. 

A  communication  from  Mr.  Thomas  Egleston,  touching  a  standard  metric  wire 
gauge,  was  referred  to  Messrs.  Crosby,  Lyon,  Hogeland,  Toltz  and  Merryman. 

A  memorial  circular  from  Secretary  F.  R.  Hutton,  of  the  Am.  Soc.  M.  E.,  on 
the  death  of  President  Davis,  was  referred  to  Mr.  Lyon  and  Mr.  Crosby. 

A  letter  of  instruction  as  to  the  preparation  of  matter  for  the  Journal  of  the 
Association  was  placed  on  file. 

A  letter  from  Chairman  J.  B.  Johnson,  asking  proposals  for  Journal  ex- 
changes, was  referred  to  Mr.  Miinster  and  Mr.  Woodman. 

The  Secretary  was  instructed  to  reply  to  the  invitation  of  the  Western  Society 
of  Engineers  to  attend  the  excursion  of  October  12th  to  the  Drainage  Canal. 

Mr.  Hew  Miller  was  elected  to  membership. 

Mr.  A.  O.  Powell  read  an  interesting  and  fully  illustrated  paper  on  Sluice  Gates 
and  Movable  Dams  of  the  Bear-Trap  Type.  The  bear-trap  gate  is  an  American 
device  of  eighty  years  ago,  but  lately  modified  and  improved.  The  French  con- 
demned it  after  an  experimental  trial  of  a  gate  wrongly  projjortioned,  apparently 
considering  it  unworthy  of  scientific  study.  Mr.  Powell  has  investigated  the  bear- 
trap  gate  mathematically,  and  will  prepare  his  paper  for  publication  in  the  Journal 
of  the  Association. 

Mr.  R.  A.  Lang,  of  Eau  Claire,  Wis.,  a  builder  and  inventor  of  bear-trap  gates 
of  eighteen  years'  experience,  briefly  touched  on  a  few  points  of  interest,  after 
which  the  meeting  adjourned  to  Neuman's,  at  11  o'clock,  to  spend  a  pleasant  social 
hour. 

C.  L.  Annan,  Secretary. 


Civil  Engineers'  Club  of  Cleveland. 


Meeting  of  the  Civil  Engineers'  Club  of  Cleveland,  October  8, 
1895. — Present,  thirty-two  members  and  friends.     Minutes  read  and  approved. 

Messrs.  C.  M.  Barber  and  C.  F.  Lewis  were  appointed  tellers  to  canvass  ballots 
for  the  election  of  Mr.  George  S.  Rider  and  Frank  A.  Smythe. 

Communications  from  the  Board  of  Managers  of  the  Associated  Societies  were 
read.  They  referred  to  the  withdrawal  of  the  Western  Society  from  the  Associa- 
tion, and  to  the  new  rules  proposed  for  governing  the  management  of  the  Journal, 
agreeable  to  the  late  voting  of  the  members  of  the  Societies. 

The  report  of  the  Executive  Committee  was  read,  telling  of  the  proposition  of 
the  Library  Board  to  turn  over  our  library  to  the  care  of  The  Case  Library.  After 
some  discussion,  the  Club  voted  to  do  so.  The  Secretary  was  directed  to  send  cards 
to  the  members,  telling  of  the  invitation  from  the  Western  Society  to  visit  the 
Drainage  Canal,  and  to  extend  our  thanks  to  the  Society  for  their  kind  invitation. 
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Messrs.  George  S.  Rider  and  Frank  A.  Smythe  were  declared  elected  to  active 
membership. 

Prof.  J.  W.  Langley,  of  the  Case  School  of  Applied  Science,  then  gave  a  talk 
upon  the  Electrical  Purification  of  Sewage.  He  told  of  the  practical  success  of  the 
system,  where  now  in  use,  and  gave  figures  from  his  own  experiments,  showing  its 
economy. 

He  was  followed  by  Prof.  Benjamin,  of  Case  School,  with  a  brief  and  interest- 
ing paper  upon  "  The  Development  of  Mechanical  Science  in  the  World's  History." 

The  Club  then  adjourned  to  the  Hamilton  Restaurant  and  participated  in  a 

light  lunch. 

F.  A.  Coburn,  Secretary. 


Boston  Society  of  Civil  Engineers. 

October  16, 1895. — A  regular  meeting  was  held  at  the  Society  rooms,  36  Brom- 
field  Street,  Boston,  at  7.50  p.m.  President  Noyes  in  the  chair.  Eighty-three 
members  and  visitors  present. 

The  record  of  the  last  meeting  was  read  and  approved. 

Messrs.  Frank  S.  Badger,  Harry  C.  Bradley,  John  R.  Burke,  Alfred  D.  Flynn 
and  William  E.  McKay  were  elected  members  of  the  Society. 

The  Committee  on  Weights  and  Measures  submitted  a  report  recommending 
the  adoption  of  the  following  resolution : 

Resolved,  That  the  Boston  Society  of  Civil  Engineers  earnestly  deprecate  the 
use  of  any  of  the  wire  and  sheet  metal,  or  other  trade  gauges  now  in  vogue,  and 
strongly  urge  the  use  of  millimeters  and  decimal  fractions  thereof  for  all  such  meas- 
urements. 

The  report  was  received  and  action  on  the  resolution  deferred  until  the  next 
meeting. 

The  amendment  to  By-law  1,  proposed  at  the  last  meeting,  changing  the  night 
of  the  regular  meetings  from  Wednesday  to  Friday,  was  not  adopted. 

The  President  reported  that  an  agreement  had  been  reached  with  the  Trustees 
of  the  new  Tremont  Temple  for  the  leasing  of  rooms  for  the  Society's  use,  and  that 
arrangements  had  been  made  with  the  New  England  Water  Works  Association  and 
the  Hersey  Manufacturing  Company  for  the  joint  use  of  these  rooms.  On  motion, 
the  President  and  Treasurer  were  authorized  to  execute  a  lease  for  these  rooms,  in 
accordance  with  the  terms  reported  by  the  President. 

Mr.  J.  A.  Tilden,  for  the  committee  appointed  to  prepare  a  memoir  of  John 
H.  Webster,  submitted  its  report,  which  was  read  and  accepted. 

The  thanks  of  the  Society  were  voted  to  Lt.-Col.  S.  M.  Mansfield,  Corps  of 
Engineers,  U.  S.  A.,  for  courtesies  shown  its  members  on  the  occasion  of  the  visit  to 
the  Government  Battery  at  Winthrop. 

Mr.  Allen  Hazen  then  read  the  paper  of  the  evening,  entitled  "The  Present 
European  Practice  in  Regard  to  Sewage  Disposal."  The  paper  was  discussed  by 
Messrs.  Fitzgerald,  Porter  and  others.     Adjourned. 

S.  E.  Tinkham,  Secretary. 
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John  H.  Webster.— A  Memoir. 


By  James  A.  Tilden  and  John  R.  Freeman,  Committee  of  the  Boston 
Society  of  Civil  Engineers. 


[Read  October  16,  1895.] 

It  is  with  deep  regret  that  we  have  to  record  the  death  of  Mr.  John  H. 
Webster,  a  member  of  the  Boston  Society  of  Civil  Engineers  and  also  of  the 
American  Society  of  Mechanical  Engineers.  He  passed  away  April  2,  1895,  in  the 
House  of  the  American  Society  in  New  York,  where  he  made  his  home  when  in 
that  city.  He  was  very  nearly  forty-five  years  of  age,  in  the  prime  ot  life  and  at 
the  period  of  his  greatest  value  to  the  profession.  The  end  found  him  at  what  he 
felt  to  be  his  post  of  duty,  regardless  of  his  physical  condition;  he  was,  as  after- 
wards appeared,  dangerously  ill  when  he  left  his  home  in  Boston  for  New  York, 
two  days  before.  His  engineering  work  was  almost  his  only  recreation,  and  upon 
this  he  was  halitually  engaged  frcm  early  in  the  morning  until  far  into  the  night, 
so  that  when  pneumonia  overtook  him  it  found  him  completely  worn  out  and  an 
e  isy  victim. 

As  an  engineer  he  was  unusually  able  and  energetic;  as  a  gentleman  he  was 
entirely  honorable  and  unassuming;  and  as  a  friend  he  was  absolutely  steadfast  and 
true.  He  was  most  essentially  a  self-made  man,  as  a  reading  of  his  application 
papers  for  membership  to  the  engineering  societies  will  show.  His  rare  mechanical 
and  inventive  talent  was  first  discovered  and  brought  out  when  he  was  but  nineteen 
years  of  age  by  Mr.  L.  D.  Hawkins,  and  for  six  years  thereafter  he  was  engaged  by 
that  gentleman  and  others  in  designing  general  machinery.  At  the  age  of  twenty- 
five  he  was  engaged  as  head  draughtsman  in  the  reconstruction  of  the  Standard 
Sugar  Refinery  of  this  city,  at  twenty-seven  he  became  the  Assistant  Superintendent, 
and  at  thirty  the  Superintendent  of  the  Refinery,  in  which  position  he  remaiued 
for  about  ten  years,  making  many  valuable  improvements  for  the  refinery,  and  a 
reputation  for  himself. 

At  the  organization  of  the  American  Sugar  Refining  Company  in  1890,  into 
which  the  Standard,  among  other  refineries,  was  merged,  Mr. Webster  was  made  one 
of  the  Consulting  Engineers,  with  headquarters  in  New  York,  dividing  his  time 
weekly  between  that  city  and  Boston.     This  was  the  position  he  held  at  his  death. 

His  whole  life  was  an  honor  and  a  credit  to  the  engineering  profession,  and 
what  he  gave  to  the  world  in  design  and  invention  are  lasting  monuments  to  his 
memory. 

Montana  Society  of  Civil  Engineers. 

Helena,  Mont. — At  the  last  meeting  of  the  Montana  Society  of  Civil 
Engineers,  held  Saturday  evening,  October  12th,  in  the  rooms  of  the  Society  in 
the  annex  of  the  Granite  Block,  Mr.  Keerl,  who  was  appointed  to  confer  with  the 
librarian  of  the  public  library  with  reference  to  the  best  books  on  the  subject  of 
engineering  that  could  be  secured  for  the  library,  made  a  report.  He  said  that  he 
had  given  the  subject  a  good  deal  of  attention,  and  had  recommended  certain 
books  which  he  hoped  would  be  secured  at  an  early  date.  He  realized,  he  said, 
that  the  selection  of  a  limited  number  of  books  on  so  comprehensive  a  subject  was 
a  matter  for  serious  consideration,  but  he  hoped  that  the  selection  he  had  made 
would  meet  with  the  approval  of  the  Society. 
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It  was  voted  that  the  Society  donate  to  the  library  six  volumes  of  the  Journal 
of  the  Association  of  Engineering  Societies,  which  would  put  the  library 
in  possession  of  all  the  copies  of  the  Journal  since  1888. 

A  letter  from  Prof.  J.  B.  Johnson,  Chairman  of  the  Board  of  Managers  of  the 
Association  of  Engineering  Societies,  was  read,  which  contained  the  information 
that  the  Western  Society  of  Engineers,  of  Chicago,  had  voted  to  withdraw  from 
the  Association.  Prof.  Johnson  also  called  attention  to  the  fact  that  new  officers 
of  the  Association  would  soon  be  elected,  and  that,  owing  to  other  duties,  he  would 
be  compelled  to  decline  a  renomination.  This  was  much  regretted  by  all,  as  they 
all  realized  that  Prof.  Johnson  had  been  untiring  in  his  efforts  to  promote  the  good 
of  the  Association. 

A  committee  consisting  of  Elliott  H.  Wilson,  of  Butte  ;  Edward  R.  McNeill, 
of  Boulder,  and  Charles  G.  Griffith,  of  Helena,  was  appointed  to  nominate  officers 
for  the  ensuing  year. 

The  members  present  were:  James  S.  Keerl,  W.  A.  Haven,  John  Herron,  A. 
E.  Cumming,  H.  V.  Wheeler,  James  H.  Henley  and  F.  J.  Smith. 
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Western  Society  of  Engineers. 


The  334th  Meeting  of  the  Society  was  held  in  the  Society's  rooms,  Wednesday 
evening,  October  2, 1895.  President  Horton  in  the  chair  and  forty-one  members  and 
guests  present. 

The  minutes  of  the  meetings  of  September  4th  and  24th  were  read  and 
approved. 

The  Secretary  reported  for  the  Board  of  Directors  as  follows : 

At  the  meeting  of  the  Board  of  Directors  held  September  7,  1895,  the  resigna- 
tion of  Mr.  Benezette  Williams  as  a  representative  of  the  Western  Society  of  En- 
gineers on  the  Board  of  Managers  of  the  Association  of  Engineering  Societies  was 
read  and  accepted,  and  Mr.  Charles  J.  Roney  has  been  since  appointed  to  serve  the 
remainder  of  the  unexpired  term. 

The  following  persons  were  elected  to  membership: 

As  Members — Messrs.  John  C.  Bley  and  James  C.  Long. 

The  Treasurer  reported  a  balance  on  hand  September  1,  1895,  of  $1,599.43. 

Bills  to  the  amount  of  $138.83  were  approved  and  ordered  paid. 

At  the  meeting  of  the  Board  of  Directors  held  October  1,  1895,  the  following 
applications  for  membership  were  received  and  placed  on  file: 

As  Member — Lyman  Smith,  Chicago. 

As  Associate — Rudolph  Link,  Chicago. 

Bills  to  the  amount  of  $187.06  were  approved  and  ordered  paid. 

Mr.  Gerber,  chairman  of  the  Excursion  and  Entertainment  Committee,  an- 
nounced a  proposed  Drainage  Canal  Excursion  for  October  12th,  by  special  train 
to  Lemont,  thence  returning,  stopping  at  various  points;  luncheon  to  be  served  at 
some  point  on  the  trip;  further  announcements  to  be  made. 

On  motion,  after  explanation  of  the  need  of  such  action,  it  was  Resolved,  That 
a  committee  of  three  be  appointed  by  the  chair,  to  report  at  the  next  regular 
meeting  of  the  Society  (November  6, 1895),  a  plan  for  the  publication  of  the  papers 
and  proceedings  of  the  Society  and  a  revision  of  the  Constitution  and  By-Laws. 

The  Secretary  announced  the  death,  a  few  hours  previously,  of  General  O.  M. 
Poe,  Col.  of  Engineers,  U.  S.  A.,  one  of  the  oldest  members  of  the  Society,  and  a 
committee  was  appointed  to  draft  appropriate  resolutions  thereupon, 

The   Secretary  reported  the  list  of  delegates  from   the  Western   Society  of 

Engineers   to  the  First  Annual  Convention  of  the  International  Deep  Waterways 

Association,  at  Cleveland,  Ohio,  September  24,  25,  26,  1895,  as  follows  :  Members — 

Gen.  O.  M.  Poe,  Lyman  E.  Cooley,  Isham  Bandolph,  Thos.  T.  Johnston,  Alex.  E. 

18  (23) 


24  ASSOCIATION  OF  ENGINEEEING  SOCIETIES. 

Kastl  and  Ebin  J.  Ward.  Associates — Frank  Wenter,  William  Boldenweck,  Ber- 
nard A.  Eckhart,  and  Capt.  James  S.  Dunham.  All  these  delegates  attended  the 
Convention,  except  Gen.  Poe,  who  was  unable  to  do  so. 

On  motion  the  chairman  was  instructed  to  appoint  delegates  from  the  Western 
Society  to  the  Western  Waterways  Convention  at  Vicksburg,  Mississippi,  October 
22  and  23,  1895.  Messrs.  Lyman  E.  Cooley  and  Thomas  T.  Johnston  were  subse- 
quently appointed  delegates. 

A  memoir  of  Warren  Collier  Smith  was  read,  ordered  spread  upon  the  records 
of  the  Society,  and  a  copy  sent  to  the  family  of  the  deceased. 

A  discussion  on  "The  Proper  Chemical  Composition  of  Steel  for  Heavy  Rail- 
sections"  was  then  opened  by  Mr.  Robert  W.  Hunt,  and  a  very  interesting  pre- 
sentation of  the  subject  was  made.     The  meeting  then  adjourned. 


On  Saturday,  October  12th,  a  very  delightful  excursion  was  made  to  various 
points  of  interest  on  the  Chicago  Sanitary  Drainage  Canal.  By  the  courtesy  of  the 
Chicago  &  Alton  Railroad  Company  a  special  train  was  secured,  and  a  luncheon 
was  served  on  the  train.  About  225  members  and  guests,  including  many  ladies, 
participated. 


At  the  meeting  of  the  Board  of  Directors,  held  October  15th,  the  following 
applications  for  membership  were  received  and  placed  on  file. 

As  Members:  Waldo  H.  Marshall,  Mechanical  Engineer,  and  Editor  of  the 
Railway  Master  Mechanic,  Chicago,  and  Charles  Woodbury  Melcher,  Mechanical 
Engineer,  and  Chicago  Manager  The  Ingersoll-Sargeant  Drill  Co.,  Chicago. 

Charles  J.  Roney,  Secretary. 


Warren  Collier  Smith. — A  Memoir. 


By  Isham  Randolph,  Frederick  S.  Brown  and  James  J.  Reynolds, 
Committee  of  the  Western  Society  of  Engineers. 


[Read  October  2,  1895.] 

The  subject  of  this  memoir,  Warren  Collier  Smith,  was  born  in  Clark  County, 
Va.,  on  June  28,  1866.  His  parents  were  Warren  Christian  Smith  and  Betty  B. 
Smith  (nee  Randolph.)  The  home  influences  which  surrounded  the  boy  were 
such  as  tend  to  the  up-building  of  a  sturdy,  honest  and  honorable  character,  and 
they  bore  fruit  in  him  of  the  truest  manhood. 

The  circumstances  of  his  life  debarred  him  from  a  broad  and  liberal  education, 
but  such  educational  advantages  as  were  vouchsafed  him  he  improved  faithfully, 
grounding  himself  well  in  the  English  branches  and  in  the  basic  principles  of 
mathematics. 

In  1886,  he  secured  employment  in  the  Engineer  Corps  of  the  Chicago,  Madison 
and  Northern  Railroad  in  a  very  subordinate  position.  His  steady,  industrious 
habits  and  close  observation,  coupled  with  his  aptness  to  learn,  attracted  the  atten- 
tion of  his  superiors,  who  extended  to  him  the  opportunities  which  he  needed  of 
becoming  familiar  with  the  use  of  instruments  and  acquiring  practice  in  the  com- 
putations of  field  and  office. 

Upon  the  completion  of  that  work,  he  secured  employment  in  West  Virginia, 
on  railroad  location  and  construction,  in  a  responsible  capacity.     Later,  he  was 
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employed  upon  the  Chicago  and  Eastern  Illinois  Railroad,  in  charge  of  the  second 
track  graduation  between  Dalton  and  Momence.  After  this,  he  was  engaged  upon 
the  surveys  and  construction  of  the  Chicago  and  Calumet  Terminal  Railroad.  Fol- 
lowing this,  he  entered  the  employ  of  Mr.  W.  F.  Sargent,  Engineer  and  Surveyor 
of  this  city,  and,  for  the  last  three  years  of  his  life,  he  was  associated  with  his  uncle, 
Isham  Randolph,  in  charge  of  the  land  survey  branch  of  his  business. 

He  was  quiet  and  unassuming,  but  forceful  and  determined,  a  man  who  im- 
pressed all  with  whom  he  come  in  contact,  either  in  the  business  of  life  or  in  its 
friendly  relations,  with  his  unfaltering  integrity,  his  high  sense  of  honor  and  his 
kindliness  of  heart.  To  us  who  knew  him  in  the  daily  intercourse  of  life,  he  was 
genial  and  affectionate,  a  friend  to  be  loved  and  trusted  in  life,  and  sincerely 
mourned  in  death. 

He  died  on  the  29th  of  March,  1895,  at  the  home  of  his  mother  in  Jefferson 
County,  West  Virginia,  leaving  a  short  record  of  years,  full  of  honest,  earnest 
work  and  loyal  devotion  to  duty  and  friendship. 


Engineers'  Clnb  of  Minneapolis. 


OeTOBER  14,  1895 — A  special  meeting,  to  which  other  engineers  of  Minneapo- 
lis had  been  invited  by  the  Engineers'  Club  of  Minneapolis,  was  held  at  the  office 
of  the  City  Engineer,  City  Hall,  to  take  action  upon  the  death  of  William  A.  Pike, 
C.  E.,  which  occurred  on  Sunday,  October  12,  1895. 

The  meeting  was  called  to  order  at  8  p.m.  by  the  President,  F.  W.  Cappelen, 
who  in  fitting  words  announced  the  great  loss  which  both  the  Club  and  the  profes- 
sion had  sustained,  after  nearly  all  present  had  paid  fitting  tribute  to  our  deceased 
member.  I.  E.  Howe  moved  that  a  committee  of  three  be  appointed  to  draft  suita- 
ble resolutions  and  present  them  to  this  meeting  for  adoption.  This  was  amended, 
increasing  the  committee  to  five,  and  adding  "  and  that  this  committee  make 
arrangements  for  flowers,  and  attend  the  funeral  as  representatives  of  this  meeting," 
and  so  carried. 

The  Chair  appointed,  as  such  committee,  I.  E.  Howe,  M.  D.  Rhame,  E.  T. 
Abbott,  Wm.  De  La  Barre,  and  Elbert  Nexsen. 

The  following  resolutions  were  drawn  up,  reported  and  unanimously  adopted  : 

Whereas,  Death  has  removed  from  our  midst  an  esteemed  associate  and 
friend  in  the  person  of  William  A.  Pike,  and  we  wish  to  express  our  appreciation  of 
him  as  a  man  and  civil  engineer. 

Resolved,  That  we  do  hereby  express  our  sincere  sorrow  at  the  death  of  Wil- 
liam A.  Pike,  feeling  that  in  him  the  engineering  profession  had  a  faithful  and 
able  representative,  whose  character  and  abilities  gave  promise  of  a  most  useful 
and  honorable  future.  In  him  we  recognized  such  strongly  marked  traits  of  char- 
acter, such  high  aims,  such  devotion  to  his  profession,  such  honesty  of  purpose  as 
to  win  our  admiration  and  command  our  highest  respect. 

We  extend  our  sympathies  to  the  wife  and  family  of  our  departed  colleague, 
realizing  that  a  great  personal  loss  has  been  sustained  by  those  intimately  associated 
with  him  in  his  lifetime. 

Resolved,  That  an  engrossed  copy  of  these  resolutions  be  transmitted  to  his 
bereaved  family. 

Elbert  Nexsen,  F.  W.  Cappelen, 

Secretary.  President. 

On  motion,  adjourned.  Elbert  Nexsen,  Secretary. 
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November  22,  1895. — A  meeting  of  the  Engineers'  Club  of  Minneapolis  was 
held  at  the  office  of  the  City  Engineer,  City  Hall,  at  8  p.m.,  the  President  in  the 
chair,  to  consider  the  advisability  of  continuing  the  Club  next  year,  or  winding  up 
its  affairs  with  this  year. 

A  statement  was  made  showing  the  indebtedness  of  the  Club,  which  was 
entirely  due  to  the  Journal  of  the  Association  of  Engineering  Societies. 
A  canvas  of  the  amounts  due  from  members  showed  that  this  had  arisen  by  neglect 
of  members  to  keep  their  assessments  paid  up — that  there  was  enough  due  which 
was  considered  good  to  meet  our  liabilities.  The  sentiment  expressed  by  all  present 
was  that  this  must  be  collected  and  the  debt  paid  early  in  December,  and  that  the 
Club  had  better  die  than  drag  along  as  it  had  for  the  last  few  months. 

W.  R.  Hoag  moved  a  committee  of  three  be  appointed  to  see  all  members  in 
arrears,  and  point  out  to  them  that  this  debt  must  be  paid  at  once,  and  unless  they 
paid  up  their  arrearages  those  who  had  must  do  it  for  them.  Carried.  Chair 
appointed  W.  R.  Hoag,  F.  W.  Cappelen  and  Elbert  Nexsen,  committee. 

The  Secretary  read  a  letter  from  Mrs.  Maria  R.  Pike,  expressing  her  thanks 
and  those  of  her  family  for  the  action  of  the  Club  in  reference  to  the  death  of  her 
husband,  Mr.  William  A.  Pike. 

Adjourned,  subject  to  the  call  of  the  President. 

Elbert  Nexsen,  Secretary. 


Technical  Society  of  the  Pacific  Coast. 


November  1,  1895.— Regular  meeting.  Called  to  order  at  8.30  p.m.,  by  Presi- 
dent Dickie. 

The  minutes  of  the  last  regular  meeting  were  read  and  approved. 

The  following  gentlemen  were  elected  to  membership  by  regular  ballot : 

Members. — W.  F.  Englebright,  Dana  Harmon  and  W.  W.  Waggoner,  all  of 
Nevada  City,  California. 

The  proposition  for  membership  of  Dr.  Willis  E.  Everette,  Mining  Engineer 
of  Tacoma,  Washington  (proposed  by  George  F.  Schild,  H.  C.  Behr  and  Otto  von 
Geklern),  was  referred  to  the  Executive  Committee. 

Professor  Frank  Soule  then  read  the  paper  of  the  evening,  entitled  : 

"Pacific  Coast  Timber,  Its  Tests  and  Treatment,"  which  was  fully  discussed 
by  members  present. 

Adjourned.  Otto  von  Geldern,  Secretary. 


Civil  Engineers''  Society  of  St.  Paxil. 


November  4,  1895. — The  regular  meeting  of  the  Civil  Engineers'  Society  of 
St.  Paul  was  called  to  order  at  the  Society  library  at  8.30  p.m.,  by  Vice-President 
Hilgard. 

Present,  eleven  members  and  six  visitors. 

Minutes  of  previous  meeting  read  and  approved. 

An  adverse  report  of  the  Committee  on  International  Literary  and  Artistic 
Association  was  accepted  and  committee  discharged.  All  other  committees  were 
granted  an  extension  of  time. 

Resolutions  of  thanks  for  courtesies  extended  to  members  of  the  Society  were 
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passed  in  favor  of  the  Western  Society  of  Engineers,  F.  W.  Cappelen,  City  Engineer 
of  Minneapolis,  and  the  Twin  City  Rapid  Transit  Co. 

Messrs.  Powell,  Loweth  and  Woodman  reported  a  resolution  in  favor  of  sur- 
veying the  upper  Mississippi,  and  the  Secretary  was  instructed  to  telegraph  the 
same  to  the  Mississippi  River  Commission,  at  St.  Louis,  Mo. 

Mr.  Potts  described  the  rebuilding  of  the  Ketter  River  bridge  approaches  de- 
stroyed by  the  Hinkly  fire.  The  remarkable  record  of  framing  and  erecting  an 
average  of  100,000  feet  of  lumber  per  day  was  accomplished  on  this  work. 

Mr.  Hilgard  illustrated  the  method  of  hydraulic  grading  in  vogue  on  the 
X.  P.  R.  R.  system.  Under  favorable  circumstances  the  work  of  replacing  worn-out 
wooden  trestles  with  embankments  is  done  at  a  cost  of  five  cents  per  cubic  yard. 

Adjourned  at  10.45. 

C.  L.  Annan,  Secretary. 


Engineers'1  Club  of  St.  Louis. 


424th  Meeting,  November  6,  1895. — The  club  was  called  to  order  at  8.20 
p.m.,  at  16u0  Lucas  Place,  President  Russell  in  the  chair.  Twenty-two  members 
and  five  visitors  present.  The  minutes  of  the  423d  meeting  were  read  and 
approved.  The  Executive  Committee  reported  the  doings  of  its  198th  meeting, 
approving  the  application  for  membership  of  S.  E.  Freeman.  He  was  balloted 
for  and  elected.  Applications  for  membership  were  announced  from  Carl  Barth, 
engineer  Ranken  &  Fritsch  Foundry  and  Machine  Co.;  Alfred  W.  French,  Civil 
Engineer  United  States  Government,  Jefferson  Barracks;  and  Richard  Morey, 
City  Engineer,  Sedalia,  Mo. 

The  Secretary  announced  the  receipt  of  a  detailed  financial  statement  from  the 
Secretary  of  the  Association  of  Engineering  Societies. 

Prof.  Chas.  C.  Brown's  paper  on  "  The  Sewerage  of  Indianapolis  "  was  then 
read  by  Mr.  B.  H.  Colby.  The  paper  explained  the  peculiar  features  of  the  prob- 
lem, and  was  illustrated  by  drawings  and  maps  showing  the  general  features,  as 
well  as  details  of  the  several  interesting  forms  of  special  construction.  The  methods 
of  carrying  on  the  work,  and  its  extent  and  cost,  were  explained.  The  country 
being  flat,  little  or  no  fall  was  available. 

The  discussion  was  participated  in  by  Messrs.  Robert  Moore,  Kineally,  Flad, 
Olshausen,  J.  B.  Johnson,  Sherman,  Pitzman,  Hermann,  Maltby,  Bouton  and 
President  Russell. 

Mr.  Moore  gave  some  further  details  of  the  situation,  size  of  streams,  etc.  The 
life  of  iron  work  painted  with  asphalt  was  discussed.  The  difficulty  of  getting  good 
construction  in  masonry  was  mentioned,  as  was  also  the  subject  of  water  pollution 
and  protection  of  water  sheds. 

Adjourned.  William  H.  Bryan,  Secretary. 


425th  Meeting,  November  20,  1895. — President  Russell  called  the  club  to 
order  at  8.25  p.m.,  twenty-six  members  and  eight  visitors  being  present. 

The  minutes  of  the  424th  meeting  were  read  and  approved.  The  Executive 
Committee  reported  the  doings  of  its  199th  meeting.  The  names  of  John  Dean, 
J.  L.  Duffy  and  J.  A.  Tiernan  were  dropped  for  delinquency.  The  applications  for 
membership  of  C.  G.  L.  Barth,  Richard  Morey  and  A.  W.  French,  were  approved. 
They  were  balloted  for  and  elected. 
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On  motion  of  Prof.  J.  H.  Kinealy,  the  following  parties  were  chosen  a  Com- 
mittee on  Nominations  of  Officers  for  1896 :  E.  D.  Meier,  P.  N.  Moore  and  Wil- 
liam Bouton. 

Resignations  were  announced  from  R.  F.  Grady  and  B.  J.  Arnold. 

Prof.  W.  B.  Potter,  chairman  of  the  club's  Committee  on  Smoke  Prevention, 
then  addressed  the  club  informally,  explaining  the  steps  which  had  brought  about 
the  present  status  of  affairs  in  smoke  abatement.  The  original  agitation  was  begun 
in  this  club,  and  had  resulted  in  the  passage  of  two  ordinances  which  had  been  in 
force  for  over  two  years,  and  were  operating  very  satisfactorily.  The  movement 
had  the  backing  of  a  popular  organization  known  as  the  Citizens'  Smoke  Abate- 
ment Association,  supported  by  nearly  two  thousand  members.  A  Government 
official,  who  had  recently  investigated  the  subject,  had  reported  that  St.  Louis  had 
stopped  70  per  cent,  of  its  smoke,  and  was  doing  better  than  any  other  city  in  the 
country.  The  Professor  explained  the  methods  of  measuring  smoke  and  suggested 
that  Government  observers  keep  records  of  the  smokiness  of  the  atmosphere  on 
different  days.  He  also  spoke  of  smoke  from  house  chimneys,  and  the  remedies 
possible.  He  then  devoted  special  attention  to  the  steam  jet,  as  it  is  a  very  cheap 
remedy.  He  called  attention  to  the  fact  that  the  personality  of  firemen  entered 
more  largely  into  this  matter  than  any  other  single  feature„and  suggested  that  it 
would  be  well  to  license  firemen,  and  thus  raise  the  grade  of  intelligence  and  secure 
better  results.  A  great  many  plants  were  defective  in  draft  and  had  large  air 
leakages.  The  attention  which  had  been  given  the  smoke  problem  had  resulted 
in  better  boiler  practice  generally.  The  Professor  thought  that,  on  the  whole,  good 
progress  had  been  made  in  the  movement,  and  still  better  results  could  be  expected 
in  the  future. 

The  discussion  was  participated  in  by  Messrs.  J.  B.  Johnson,  P.  N.  Moore, 
Flad,  Olshausen,  Meier,  Sherman,  Bryan  and  Kinealy. 

Adjourned.  William  H.  Bryan,  Secretary. 


Civil  Engineers'  Civil)  of  Cleveland. 


November  12,  1895. — Meeting  of  the  Civil  Engineers'  Club  of  Cleveland, 
called  to  order  by  President  Mordecai  at  about  7.45.  Present,  fifty-four  members 
and  visitors. 

Minutes  of  the  last  meeting  read  and  approved.  Minutes  of  the  Executive 
Committee  meeting  read  and  the  resignation  of  Mr.  W.  W.  Read  reported. 

Professor  C.  H.  Benjamin  reported  in  regard  to  the  proposed  excursion  to 
Niagara  Falls,  and  upon  his  motion  a  committee  was  appointed  to  attend  to  the 
matter. 

The  paper  of  the  evening,  by  Mr.  Frank  C.  Osborn,  on  Bridge  Floors,  was 
read,  on  account  of  his  absence  from  the  city,  by  his  assistant,  Mr.  Bernard  S.  Green. 

Mr.  Osborn  treated  the  subject  historically,  noting  the  progress  in  the  design 
of  the  solid  floors  abroad  and  at  home  from  the  earliest  times  to  the  present.  He 
states  that  the  first  bridge  on  record  with  solid  wrought-iron  floor  is  the  Britannia, 
built  in  1845.  In  America,  the  oldest  solid  iron  trough  floor  for  railroad  bridge  is 
that  over  the  Willamette  River,  built  in  1887. 

Mr.  Osborn  gives  the  successive  dates  of  introduction  of  about  all  the  various 
forms  that  have  now  been  in  use,  and  brief  description  of  the  most  important.  He 
gives  the  requirements  for  a  good  railroad  bridge  floor  as  follows:  Accessibility  for 
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examination  and  painting,  facilities  for  thorough  and  rapid  draining,  the  use  of 
shapes  and  sizes  readily  obtainable  from  the  mills,  simplicity  of  shop  construction, 
cheapness  of  first  cost  and  cost  of  maintenance,  convenience  of  changing  location  of 
track  laterally  and  direct,  simple  and  effective  connection  to  girders. 

Discussion  by  Messrs.  E.  A.  Handy,  A.  E.  Brown  and  others. 

Messrs.  C.  H.  Benjamin,  James  Ritchie  and  E.  S.  W.  Moore  were  appointed  to 
arrange  the  Niagara  Falls  excursion. 

The  Club  adjourned  to  the  restaurant  and  partook  of  a  light  lunch. 

Forrest  A.  Coburn,  Secretary. 


Boston  Society  of  Civil  Engineers. 


November  20,  1895. — A  regular  meeting  of  the  Society  was  held  at  its  rooms, 
36  Bromfield  Street,  Boston,  at  7.50  p.m.,  President  Albert  F.  Noyes  in  the  chair- 
Sixty-nine  members  and  visitors  present. 

The  record  of  the  last  meeting  was  read  and  approved. 

Messrs.  Dwight  L.  Hubbard,  Willis  T.  Knowlton,  Elmer  G.  Manahan,  Charles 
W.  Sherman,  George  A.  Soper,  and  Charles  Temperley,  were  elected  members  of 
the  Society. 

The  thanks  of  the  Society  were  voted  to  Samuel  Nott,  an  honorary  member 
and  Secretary  of  the  Society  from  1849  to  1874,  for  his  gift  of  valuable  books  to  the 
library. 

The  Treasurer  spoke  of  the  plan  of  raising  a  fund  for  fitting  up  the  new  rooms 
of  the  Society,  by  voluntary  subscription,  and  stated  that  two  liberal  contributions 
had  been  received  already.  On  motion  it  was  voted  that  an  appeal  for  subscriptions 
to  the  fund  be  issued  in  the  notices  of  the  next  meeting. 

The  resolution  submitted  at  the  last  meeting  by  the  Committee  on  Weights 
and  Measures,  in  relation  to  a  uniform  standard  of  thicknesses  for  metals,  was  then 
considered,  and  after  discussion,  was  amended  so  as  to  read  : 

Resolved,  That  the  Boston  Society  of  Civil  Engineers  earnestly  deprecates  the 
use  of  any  of  the  wire  and  sheet  metal,  or  other  trade  gauges  now  in  vogue,  and 
strongly  urges  the  use  of  a  decimal  system  for  all  such  measurements. 

Mr.  R.  W.  Lesley,  Treasurer  of  the  American  Cement  Company,  of  Philadel- 
phia, was  then  introduced,  and  read  a  paper  entitled  "  Progress  of  the  Manufacture 
of  Portland  Cement  in  America." 

At  the  conclusion  of  the  discussion  of  the  paper,  in  which  the  members  quite 
generally  took  part,  a  vote  of  thanks  was  passed  to  Mr.  Lesley  for  the  interesting 
paper  which  he  had  so  kindly  read. 

Adjourned.  S.  E.  Tinkham,  Secretary. 


Bradley  #  Pontes,  Engr's,  Xf.Y. 
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Western  Society  of  Engineers. 


The  335th  meeting  of  the  Society  was  held  in  the  Society's  rooms,  1737 
Monadnock  Block,  Chicago,  on  Wednesday  evening,  November  6,  1895.  President 
Horton  in  the  chair,  and  40  members  and  guests  present. 

The  minutes  of  the  meeting  of  October  2d  were  read  and  approved. 

The  Secretary  read  the  report  of  the  Board  of  Directors — 

At  the  meeting  of  the  Board  of  Directors,  held  October  15,  1895,  the  following 
applications  for  membership  were  received  and  placed  on  file  : 

As  Members — Messrs.  Waldo  H.  Marshall  and  Charles  Woodbury  Melcher, 
both  of  Chicago. 

At  the  meeting  of  the  Board  of  Directors,  held  November  5,  1895,  the  follow- 
ing applications  for  membership  were  received  and  placed  on  file  : 

As  Members — Messrs.  Carl  Haller,  William  T.  Keating,  LeRoy  Kempton, 
Sherman  and  Leland  L.  Summers,  all  of  Chicago. 

The  following  named  persons  were  elected  to  membership  in  the  Society  : 

As  Members — Waldo  H.  Marshall,  Charles  Woodbury  Melcher  and  Lyman 
Smith,  all  of  Chicago. 

As  Associate — Rudolph  Link,  Chicago. 

The  Treasurer  reported  a  balance  on  hand  October  1,  1895,  of  $1,561.79  ;  and 
a  balance  on  hand  November  1,  1895,  of  $1,444.69. 

Bills  to  the  amount  of  $476.64  were  approved  and  ordered  paid. 

Mr.  Gerber,  Chairman  of  the  Excursion  and  Entertainment  Committee,  read 
an  invitation  from  the  Pioneer  Bail  Renewing  Co.,  of  Chicago,  by  Mr.  James  S. 
Prentice,  Treasurer,  inviting  the  Society  to  visit  the  works  of  that  Company  (for- 
merly the  North  Chicago  Rolling  Mill  Co.),  on  the  9th  or  16th  instant,  preferably 
the  9th  instant,  and  the  invitation  was  accepted  for  that  date. 

Mr.  Johnston,  Chairman  of  the  Committee,  presented  the  following  report : 

"  Your  committee  appointed  to  prepare  a  plan  for  the  publications  of  the 
Society,  and  a  revision  of  the  Constitution  and  By-Laws,  respectfully  make  report 
as  follows : 

"1.  A  draft  of  a  resolution  is  submitted  herewith,  which,  if  adopted  by  the 
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Society,  formulates  a  plan  for  publication.     It  is  practically  the  rales  under'which 
the  Philadelphia  Society  is  proceeding,  and  which  has  been  found  satisfactory. 

"  2.  A  draft  of  a  revised  Constitution  and  By-Laws  is  submitted.  The  com- 
mittee feels  that  the  existing  Constitution  and  By-Laws  are  very  deficient,  and 
recommends  urgently  the  careful  consideration  of  the  document  submitted,  believ- 
ing confidently  that,  though  it  may  be  in  some  respects  imperfect,  it  certainly  will 
be  an  exceedingly  desirable  substitute  for  what  now  exists." 

(Signed)  Thos.  T.  Johnston, 

Chas.  E.  Bii/lin. 

Mr.  Charles  J.  Roney,  the  third  member  of  the  Committee,  briefly  dissented, 
but  from  lack  of  time  was  unable  to  present  a  minority  report. 

It  was  voted  that  the  report  of  the  Committee  be  received  for  discussion. 

The  following  resolution  was  presented,  seconded  and  adopted  : 

"Resolved,  That  the  report  of  the  Committee  on  plans  for  publications  and  a 
revision  of  the  Constitution  and  By-Laws  be  received,  accepted  and  the  Committee 
continued  ;  and,  be  it  further 

"Resolved,  That  the  draft  of  the  revised  Constitution  and  By-Laws  be  printed 
and  copies  sent  to  all  members  of  the  Society  at  once,  and  that  the  matter  be 
further  considered  at  the  adjourned  meeting  to  be  held  on  Friday,  November  15, 
1895,  at  8  p.m." 

The  Secretary  announced  the  death  of  Mr.  Willard  S.  Pope,  a  Past  President 
of  the  Society  and  one  of  its  oldest  members,  who  died,  October  10th,  at  his  home 
in  Detroit,  Mich. 

On  motion,  it  was  voted  that  the  President  should  appoint  a  Committee  to  pre- 
pare a  memorial  of  our  deceased  member,  Mr.  Pope. 

The  President  subsequently  appointed  as  such  Committee  Messrs.  George  S. 
Morison,  L.  P.  Morehouse  and  E.  C.  Carter. 

The  subject  for  discussion  for  the  evening,  "  Methods  of  Power  Testing  for 
Motocycles,"  was  introduced  by  Mr.  Leland  L.  Summers,  in  a  very  interesting  and 
instructive  review  of  the  general  subject  of  motocycles,  followed  by  a  description 
by  Mr.  John  Lundie  of  the  machine  and  methods  employed  in  testing  motocycles 
to  be  used  in  the  forthcoming  motocycle  contests  in  Chicago  and  vicinity.  After 
an  animated  discussion  of  the  subject,  the  meeting  adjourned  to  meet  in  the 
Society's  rooms  on  Friday,  November  15,  1895,  at  8  p.m. 

Charles  J.  Roney,  Secretary. 


On  Friday  evening,  November  15,  1895,  the  Society  met  pursuant  to  adjourn- 
ment.    President  Horton  in  the  chair  and  25  members  present. 

It  was  moved  and  seconded  that  the  resolution  providing  for  publications  be 
adopted.  An  amendment  was  offered  that  the  third  paragraph  be  stricken  out. 
On  vote  the  amendment  was  lost.     The  resolution  was  then  by  vote  adopted. 

On  motion,  the  proposed  revision  of  the  Constitution,  previously  printed  and 
mailed  to  members,  was  taken  up  for  informal  consideration,  article  by  article,  and 
in  some  cases  section  by  section,  and  after  such  amendments  as  were  approved,  the 
articles  were  severally  seconded  by  the  meeting. 

Articles  I  and  II  of  the  proposed  revision  of  the  By-Laws  were  in  like  manner 
considered,  and,  after  amendment,  were  seconded  by  the  meeting. 

A  resolution  was  then  adopted  that  when  the  meeting  adjourned  it  should 
adjourn  to  meet  in  the  Society's  rooms  on  Friday,  November  22,  1895,  at  8  p.m., 
for  further  consideration  of  the  proposed  revision  of  the  Constitution  and  By- 
Laws. 


PROCEEDINGS.  33 

Mr.  George  S.  Morison  here  offered  as  an  amendment  to  Article  VI  (by  error 
printed  as  Art.  IV),  the  following  addition  to  Section  5  of  said  Article  VI :  "Any 
active  member  elected  prior  to  December  31,  1895,  and  who  shall  have  paid  all 
fees,  dues  or  assessments  which  may  have  accrued  against  him  for  a  continuous 
period  of  twenty  years  (dues  paid  to  the  Civil  Engineers'  Club  of  the  Northwest  to 
be  included  in  reckoning  such  twenty  years),  shall  be  excused  from  payment  of 
annual  dues  thereafter,"  and  asked  that  the  same  be  considered  at  the  next  meeting. 

On  motion,  the  meeting  then  adjourned  to  meet  in  the  Society's  rooms  on 
Friday,  November  22,  1S95,  at  8  p.m.  Charles  J.  Roney,  Secretary. 


A  special  meeting  (336th  of  the  Society)  was  held  in  Science  Hall,  Armour 
Institute  of  Technology,  Chicago,  on  Thursday  evening,  November  21,  1895,  at  8- 
o'clock.     President  Horton  in  the  chair  and  51  members  and  guests  present. 

A  paper,  "  Application  of  Electric  Power  to  Industrial  Purposes,"  was  pre- 
sented by  the  author,  Mr.  George  P.  Nichols.  The  paper  was  illustrated  by  some 
thirty  fine  lantern  views,  and  ofter  discussion  of  the  paper  the  meeting  adjourned. 

Charles  J.  Roney,  Secretary. 


On  Friday  evening,  November  22,  1895,  the  Society  met  in  the  Society's 
rooms  pursuant  to  adjournment  from  November  15th.  Vice-President  Johnston  in 
the  chair  and  14  members  present. 

It  was  voted  that  a  committee  of  ten  members  be  appointed  by  the  President 
to  nominate  candidates  for  the  offices  to  be  filled  at  the  next  annual  election  of  the 
Society. 

The  meeting  then  proceeded  to  further  consideration  of  the  proposed  revision 
of  the  Constitution  and  By-Laws,  beginning  at  Article  III  of  the  By-Laws. 

Articles  III  to  VIII,  inclusive,  were  considered,  and  after  such  amendments  as 
were  adopted,  these  articles  were  seconded  by  the  meeting.  The  Amendment  to 
Article  VI,  Section  5,  proposed  by  Mr.  George  S.  Morison  at  the  meeting  of  Novem- 
ber 15th,  was  voted  upon  and  was  rejected.     Article  IX  was  stricken  out. 

It  was  moved  by  Mr.  Reynolds  that  the  Constitution  and  By-Laws  be  seconded; 
as  a  whole.     Motion  seconded  and  carried.     The  meeting  then  adjourned. 

Charles  J.  Roney,  Secretary. 


On  November  9,  1895,  by  invitation  of  the  Pioneer  Rail  Renewing  Company, 
of  Chicago,  the  works  of  that  Company  were  visited  and  inspected  by  a  considera- 
ble number  of  members.  The  Gates  Iron  Works  were  also  visited,  and  the  system 
of  operation  was  fully  inspected. 


The  337th  meeting  of  the  Society  was  held  in  the  Society's  rooms,  1737 
Monadnock  Block,  Chicago,  on  Wednesday  evening,  December  4,  1895,  at  8  p.m  , 
with  41  members  and  guests  present. 

In  the  absence  of  the  President  and  both  Vice-Presidents,  Mr.  Alfred  Noble 
was  elected  President  pro  tempore.  The  presentation  and  approval  of  the  minutes 
of  the  November  meetings  of  the  Society,  and  the  report  of  the  Board  of  Directors 
were  passed. 

Mr.  G.  A.  M.  Liljencrantz,  Chairman  of  the  Committee,  read  a  memoir  of  our 
deceased  member,  General  O.  M.  Poe,  and  presented  a  series  of  resolutions  regard- 
ing the  death  ot  General  Poe,  which  resolutions  were  adopted  by  the  Society.  The 
memoir  and  resolutions  will  appear  in  the  first  number  of  the  new  journal  of  the 
Society. 
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A  request  for  a  better  ballot  on  the  proposed  revision  of  the  By-Laws  of  the 
Society,  as  amended  at  the  November  6th  meeting  of  the  Society,  was  made  by 
Messrs.  Charles  E.  Billin,  James  J.  Reynolds,  Win.  T.  Casgrain,  G.  A.  M.  Liljen- 
crantz  and  P.  H.  Ashmead,  and  the  Chairman  announced  that  the  requisite  number 
of  members  having  made  such  request,  a  letter  ballot  would  be  taken. 

Mr.  Clement  F.  Street,  manager  of  the  Railway  Review  engineer  of  the 
recent  commission  from  the  Field  Columbian  Museum,  to  visit  Oriental  railways, 
was  then  introduced  and  in  a  very  entertaining  manner  presented  notes  of  his 
observations  of  the  engineering  characteristics  of  the  railways  of  Oriental  countries, 
accompanied  by  the  exhibition  of  a  large  number  of  photographs.  A  full  report 
of  Mr.  Street's  paper  will  appear  in  the  new  journal  of  the  Society. 

After  a  vote  of  thanks  to  Mr.  Street,  the  meeting  adjourned. 

Charles  J.  Roney,  Secretary. 


A  special  meeting  (338th  of  the  Society)  was  held  in  the  Society's  rooms,  on 
Thursday  evening,  December  19,  1895,  at  8  p.m.  President  Horton  in  the  chair 
and  26  members  and  guests  present. 

A  paper,  "  Engineering  Consequences  of  the  Waterway  Conventions  at  Cleve- 
land, O.,  and  Vicksburg,  Miss.,  in  1895,"  was  presented  by  Mr.  Thos.  T.  Johnston, 
and  the  subject  was  very  fully  discussed  by  Messrs.  F.  P.  Kellogg,  L.  E.  Cooley, 
Isham  Randolph,  E.  L.  Cooley,  Geo.  A.  Lederle,  Chas.  L.  Harrison  and  Thos.  T. 
Johnston. 

It  was  voted  that  a  committee  be  appointed  to  prepare  a  suitable  expression  to 
the  President  and  faculty  of  the  Armour  Institute  of  Technology  for  the  courtesies 
extended  to  the  Society  during  the  past  year,  and  Mr.  Isham  Randolph  was 
appointed  as  such  committee. 

Adjourned.  Charles  J.  Roney,  Secretary. 

Note. — At  the  meeting  of  the  Board  of  Directors,  held  December  3,  1895,  the 
following  applications  for  membership  were  received  and  filed:  As  Member — John 
C.  Ostrup,  Chicago.     As  Junior — Stillman  Bingham  Jameison,  Chicago. 

At  the  meeting  of  the  Board  of  Directors,  held  December  19,  1895,  the  follow- 
ing applications  for  membership  were  received  and  filed:  As  Associates — James 
W.  Gardner  and  Joseph  S.  Qualey,  both  of  Chicago. 


PUBLICATIONS. 

The  Publication  Committee  has  reported  to  the  Board  of  Directors  that,  for 
1896,  they  will  publish  a  journal  containing  about  ninety  pages  of  reading  matter 
in  each  of  six  numbers.  They  have  in  sight  a  revenue  from  advertisements  at  this 
day  sufficient  to  cover  all  probable  expense  of  the  publications  for  the  year.  They 
have  entered  into  a  contract  for  the  work,  and  expect  to  have  the  first  number  out 
about  the  middle  of  January,  1896.  The  Committee  reports  that  it  is  secure  in 
regard  to  good  matter  for  the  journal,  the  contents  of  which  will  come  under  three 
general  heads,  as  follows  : 

I.     Papers  and  Discussions. 
II.     Topical  Discussions. 
III.     Abstracts  from  Foreign  Technical  Papers. 

Charles  J.  Roney,  Secretary. 
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Association  of  Engineers  of  Virginia. 


The  regular  fall  meeting  of  the  Association  of  Engineers  of  Virginia  was 
held  in  Roanoke  on  Saturday,  November  23d,  at  3  p.m.  The  meeting  was  called  to 
order  by  the  President,  Mr.  J.  C.  Rawn. 

A  paper  by  Prof.  D.  C.  Humphreys,  of  Lexington,  Va.,  on  "Stream  Measure- 
ments and  Water  Power  in  Virginia  and  West  Virginia,"  was  read  by  the  Secre- 
tary (in  the  absence  of  Prof.  Humphreys).  The  paper  was  particularly  interesting 
to  those  of  this  section  of  the  State.  Referred,  on  motion,  to  the  Publication 
Committee. 

A  paper  was  read  by  Prof.  L.  S.  Randolph,  of  Blacksburg,  Va.,  on  "  Cement 
Testing,"  special  attention  being  given  to  the  effects  of  heat.  The  results  were  in- 
teresting in  showing  that  some  cements  increased  and  some  decreased  in  strength 
from  the  effects  of  continued  heat.  Referred,  on  motion,  to  the  Publication  Com- 
mittee. 

Mr.  J.  C.  Rawn  gave  a  report  of  the  Good  Roads  Convention,  which  met  in 
Richmond  in  October,  which  report  was  very  encouraging  in  that  it  showed  a  gen- 
eral interest  all  over  the  State  in  this  very  important  matter. 

Mr.  M.  E.  Yeatman  moved  to  amend  Article  IX  of  our  Constitution  and 
Rules,  changing  the  first  clause  from  "  These  rules  may  be  amended  at  any  annual 
meeting  by  a  two-thirds  vote  of  the  members  present,  not  less  than  fifteen  voting  in 
the  affirmative,"  by  leaving  out  the  part  in  italics. 

Mr.  Wm.  M.  Dunlap  moved  that  Article  I  of  the  Constitution  be  changed  so  as 
to  read,  "This  Association  shall  be  called  'The  Association  of  Engineers  of  the 
Virginias.'  " 

Under  the  Constitution  these  two  motions  will  have  to  lay  over  until  the 
annual  meeting  in  January,  and  then  decided. 

Mr.  S.  A.  White  moved  that  a  committee  be  appointed,  with  power  to  act,  to 
investigate  the  matter  of  State  laws  in  reference  to  the  securing  of  claims  for  engi- 
neering services. 

Motion  carried,  and  Mr.  S.  A.  White,  Mr.  Wm.  M.  Dunlap  and  Mr.  H.  A.  Gillis 
were  appointed  on  this  committee. 

Jno.  A.  Pjlcher,  Secretary. 


Engineers'  Clnb  of  St.  Paul. 


St.  Paul,  December  2,  1895. — A  regular  meeting  of  the  Civil  Engineers' 
Society  of  St.  Paul  was  called  to  order  by  President  Stevens  at  8.15  P.M.  Present, 
eleven  members  and  one  visitor. 

Minutes  of  previous  meeting  read  and  approved. 

Mr.  James  D.  Du  Shane  was  elected  a  memVer. 

The  evening  programme  was  necessarily  waived,  but  several  members  volun- 
teered interesting  information. 

Mr.  Davenport  described  the  three  classes  of  earth  slides  which  occur  along 
the  Red  River  of  the  North.  The  most  remarkable  have  taken  place  two  or  three 
years  after  great  floods  (such  as  those  of  1882  and  1893),  when  suddenly  vast  masses 
of  the  banks,  several  hundred  feet  wide  and  from  thirty  to  fifty  feet  high,  sink 
abruptly,  and  from  150,000  to  250,000  yards  of  the  deeply  underlying  clay  strata 
slide  into  the  river,  there  being  no  horizontal  movement  of  the  upper  mass. 
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Mr.  Hilyard  mentioned  the  fact  that  a  pier  of  the  N.  P.  R.  R.  bridge,  at 
Bismarck,  glided  twenty-seven  inches  out  of  position,  presumably  on  a  bed  of  clay 
moistened  by  leakage  from  the  city  reservoir. 

Mr.  Crosby  described  his  recent  impressions  of  the  sugar  plantations  and 
levees  above  New  Orleans. 

Mr.  Estabrook  stated  that  a  saving  of  about  20  per  cent,  has  been  effected  by 
substituting  a  triple  for  a  double  expansion  engine  at  the  Washburn-Crosby  flour 
mills  in  Minneapolis.  C.  L.  Annan,  Secretary. 


Engineers'  Clnb  of  St.  Xiouis. 


426th  Meeting,  December  4,  1895. — The  annual  meeting  was  held  at 
1600  Lucas  Place,  with  twenty-three  members  and  three  visitors  present. 

President  Russell  called  the  Club  to  order  at  8.30  p.m.  The  Executive  Com- 
mittee reported  the  doings  of  its  200th  meeting.  Applications  for  membership 
were  announced  from  Walter  S.  Brown,  S.  F.  Crecelius  and  Ora  E.  Overpeck. 

The  President  read  the  annual  report  of  the  Executive  Committee.  It  was 
approved  and  ordered  filed.  On  motion  it  was  ordered  that  the  Executive  Com- 
mittee be  authorized  to  arrange  with  the  Missouri  Historical  Society  for  an  exten- 
sion of  the  present  contract  for  a  term  not  greater  than  three  years,  on  the  same  or 
better  terms  than  heretofore. 

The  annual  reports  of  the  Secretary  and  Librarian  were  then  read,  and,  on 
motion,  accepted  and  ordered  filed. 

The  Treasurer  read  his  annual  report,  which  was,  on  motion,  referred  to  the 
Executive  Committee  to  be  audited. 

The  Standing  Committee  on  Eads  Monument  asked  to  be  continued.  So 
ordered. 

The  Committee  on  Boulevards  submitted  a  report  which  was  ordered  received 
and  the  committee  discharged. 

The  Committee  on  Library  submitted  a  report.  It  was  accepted  and  the  com- 
mittee continued. 

At  the  suggestion  of  Mr.  Bryan,  the  Committee  on  Boiler  Legislation  was  dis- 
charged, and  that  on  Standard  Gauges  for  Thickness  continued. 

The  Committee  on  Nominations  of  Officers  for  1896  reported  as  follows : 

For  President — J.  A.  Ockerson. 

For  Vice-President — Edward  Flad. 

For  Secretary — William  H.  Bryan. 

For  Treasurer— Thomas  B.  McMath. 

For  Librarian — W.  A.  Layman. 

For  Directors — S.  B.  Russell  and  Carl  Gayler. 

For  Representatives  on  the  Board  of  Managers  of  the  Association  of  Engineer- 
ing Societies — J.  B.  Johnson  and  W.  E.  Barns. 

Additional  nominations  being  called  for,  B.  H.  Colby  and  N.  W.  Eayrs  were 
placed  in  nomination  for  Vice-President,  and  William  Bouton,  Julius  Baier,  M.  L. 
Holman  and  B.  L.  Crosby  for  directors. 

The  Secretary  acknowledged  the  receipt  of  a  copy  of  the  souvenir  prepared  by 
the  local  chapter  of  the  American  Institute  of  Architects  at  its  recent  convention 
in  this  city. 
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Ordered  that  the  Executive  Committee  arrange  for  a  supper  on  the  evening  of 
December  18th. 

C.  H.  Sharman  then  read  a  paper  prepared  by  R.  J.  McCarthy,  of  Kansas 
City,  on  the  subject  of  smoke  prevention,  which  paper  had  already  been  read  by 
the  author  before  the  Engineers'  Club  of  Kansas  City.  It  was  an  able  and  ex- 
haustive presentation  of  the  subject,  and  was  discussed  at  some  length  by  Messrs. 
Bryan,  Kinealy,  Russell,  and  Wheeler.  Ordered  that  the  thanks  of  the  Club  be 
extended  to  both  the  author  and  reader  of  the  paper. 

Prof.  J.  H.  Kinealy  then  exhibited  a  new  form  of  draught  gauge,  which 
remedied  many  of  the  troubles  incident  to  the  ordinary  forms  of  apparatus. 

William  H.  Bryan,  Secretary. 


427th  Meeting,  December  18,  1895. — The  annual  dinner  was  given  at  the 
Mercantile  Club,  the  hour  of  the  meeting  being  7.30  p.  m.  At  8.15,  those  present  sat 
down  to  dinner,  President  Russell  occupying  the  chair,  with  forty-five  members 
and  six  visitors  present. 

After  justice  had  been  done  to  the  dinner,  President  Russell  called  the  club  to 
order,  after  which  the  Secretary  read  letters  of  regret  from  :  Horace  E.  Horton, 
President,  Western  Society  of  Engineers;  A.F.  Noyes,  President,  Boston  Society  of 
Civil  Engineers  ;  and  Augustus  Mordecai,  President,  Civil  Engineers'  Club  of  Cleve- 
land. He  then  read  the  report  of  the  203d  meeting  of  the  Executive  Committee, 
giving  the  result  of  the  letter  ballot  for  officers  for  1896  as  follows : 

For  President — J.  A.  Ockerson. 

For  Vice-President — Edward  Flad. 

For  Secretary — William  H.  Bryan. 

For  Treasurer — Thomas  B.  McMath. 

For  Director — M.  L.  Hoi  man. 

For  Librarian — W.  A.  Layman. 

For  Members  Board  of  Managers  of  the  Association  of  Engineering  Societies — 
J.  B.  Johnson  and  W.  E.  Barns. 

There  having  been  no  election  for  the  second  director,  the  committee  ruled 
that  the  oldest  director,  Mr.  Crosby,  retire,  and  Mr.  Bouton  continue  to  serve  until 
his  successor  was  elected.  On  motion  it  was  ordered  that  the  matter  of  election  of 
an  additional  director  be  deferred  until  the  next  meeting. 

Retiring  President  Russell  then  resigned  the  chair  in  favor  of  the  incoming 
president,  Mr.  J.  A.  Ockerson,  who  was  seated  at  the  opposite  end  of  the  table. 
After  brief  remarks,  President  Ockerson  called  on  Mr.  Russell  for  an  address,  which 
the  latter  then  delivered,  his  subject  being,  "  The  Work  of  Engineers'  Clubs." 
Other  addresses  were  afterwards  made  as  follows:  "Engineers'  Clubs,  Their  Best 
Fields  of  Usefulness,"  Robert  Moore;  "The  Engineer  at  Home  and  Abroad," 
Julius  Pitzman;  "The  Engineer  of  the  Future,"  Richard  McCulloch  ;  "The  Asso- 
ciation of  Engineering  Societies,"  J.  B.  Johnson;  "The  Engineers'  Club  of  St. 
Louis,"  C.  M.  Woodward. 

Mr.  George  H.  Reynolds,  of  Chicago,  being  called  upon,  made  some  brief 
remarks  on  "The  Standing  and  Character  of  the  Engineer."     Adjourned. 

William  H.  Bryan,  Secretary. 
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Technical  Society  of  the  Pacific  Coast. 


Regular  Meeting,  December  6,  1895. — Called  to  order  at  8.30  p.m.  by 
President  Dickie. 

The  minutes  of  the  last  regular  meeting  were  read  and  approved. 
Dr.  Willis  E.  Everette,  of  Tacoma,  Washington,  was  elected  to  membership 
by  regular  ballot. 

The  name  of  John  Cotter  Pelton,  Architect,  of  San  Francisco,  was  proposed 
for  membership  by  H.  T.  Bestor,  G.  W.  Percy  and  Otto  von  Geldern.  Referred  to 
the  Executive  Committee  for  action. 

In  compliance  with  Section  2,  Article  II,  of  the  By-Laws,  the  following  mem- 
bers were  duly  elected  a  Nominating  Committee  to  present  a  ticket  at  the  next 
regular  meeting  for  the  election  of  the  Society's  officers  for  the  ensuing  year: 
John  Ricbards, 
C.  E.  Grunsky, 
H.  C.  Behr, 
A.  d'Erlach, 
Ross  E.  Browne. 
Mr.  Otto  von  Geldern  explained  to  the  members  present  the  cyclotomic  method 
of  transit  observations,  introducing  a  novel  instrument  for  the  engineer's  use  in  the 
field. 

Mr.  Jolin  Cotter  Pelton  then  read  the  paper  of  the  evening,  entitled  "  Released 
Ashlar,"  submitting  for  discussion  the  problem  of  attaching  slabs  of  marble  to  the 
exterior  of  the  walls  in  building  construction,  in  which  the  facade  is  simply  orna- 
mented to  the  extent  of  a  marble  or  other  finish. 

This  paper  led  to  an  interesting  discussion,  which  occupied  the  evening  of  the 
meeting. 

It  was  ordered,  upon  motion,  that  the  paper  be  edited  by  the  Technical  Society 
and  submitted  for  publication  in  the  Journal  op  the  Association  op  Engineer- 
ing Societies.     Adjourned. 

Otto  von  Geldern,  Secretary. 


The  Civil  Engineers'  Clnh  of  Cleveland. 


Meeting  of  the  Civil  Engineers'  Club  of  Cleveland  in  the  Assembly  Room 
of  the  School  Council,  December  10,  1895,  called  to  order  at  8  p.m.  by  President 
Mordecai.  Present,  eighty-seven  members  and  visitors.  On  motion,  the  reading 
of  the  minutes  was  dispensed  with. 

Application  of  J.  S.  Covert  for  admission  as  Active  Member  was  read.  Re- 
port of  the  election  of  S.  E.  Tinkham  as  Chairman,  and  J.  C.  Trautwine,  Jr.,  as 
Secretary  of  the  Association  of  Engineering  Societies,  was  read. 

The  speaker  of  the  evening,  Mr.  Geo.  De  Leval,  was  introJuced  by  the  Presi- 
dent, and  read  his  interesting  paper  on  "Crank  and  Fly  Wheel  versus  Direct  Com- 
pensating Pumping  Engines,"  illustrated  by  reference  to  blue  prints  of  different 
types  and  parts  of  engines. 

Discussion  was  engaged  in  by  Mr.  H.  G.  H.  Tarr,  Mr.  J.  F.  Holloway,  and 
others. 

Resolutions  were  adopted  thanking  the  School  Council  for  the  use  of  their 
room  for  the  evening,  and  thanking  Mr.  De  Leval  for  his  interesting  lecture. 

At  10  p.m.  adjourned.  F.  A.  Coburn,  Secretary. 
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Montana  Society  of  Civil  Engineers. 


Helena,  Mont. — The  regular  monthly  meeting  of  the  Montana  Society  of  Civil 
Engineers  was  held  Saturday  evening,  December  14th,  at  the  society's  headquarters 
in  the  Helena  Board  of  Trade  Rooms.  The  applications  for  membership  of  John 
Randolph  Parks  and  John  Cameron  Patterson  were  read,  and  the  Secretary  was 
directed  to  send  out  letter  ballots  to  the  members,  to  be  canvassed  at  the  next  regu- 
lar meeting. 

Charles  G.  Griffith  was  elected  trustee,  to  fill  the  vacancy  caused  by  the  resig- 
nation of  Walter  S.  Kelley. 

A  letter  from  Prof.  J.  B.  Johnson,  Chairman  of  the  Board  of  Managers  of  the 
Association  of  Engineering  Societies,  was  read.  It  stated  that  at  the  last  election 
of  the  Board,  S.  E.  Tinkham,  of  Boston,  had  been  chosen  Chairman,  and  John  C. 
Trautwine,  Jr.,  of  Philadelphia,  Secretary.  President  Keerl  was  selected  to  draw 
a  set  of  resolutions  expressing  the  appreciation  of  the  society  for  Prof.  Johnson's 
untiring  work  for  the  good  of  the  Association  during  his  term  as  Chairman. 

Several  members  had  sent  written  discussions  of  John  U.  Farmer's  paper  on 
Water  Power  by  Electrical  Transmission  in  Relation  to  the  Mills  and  Manufactures 
of  Helena,  and  it  was  expected  these  would  be  read  at  this  meeting,  but,  owing  to 
the  importance  of  the  subject,  and  to  secure  a  fuller  discussion,  it  was  voted  to  have 
the  paper  and  the  discussions  now  on  hand  printed  in  full  and  sent  to  each  member 
of  the  society  and  to  others  interested  in  the  subject,  with  the  request  that 
they  each  send  a  written  discussion  to  the  Secretary  in  time  for  the  annual  meet- 
ing to  be  held  in  this  city  January  11,  1896,  at  which  time  a  number  of  engineers 
from  various  parts  of  the  State  will  be  present.  It  is  expected  that  a  number  of 
engineers  will  give  this  matter  serious  consideration,  and  their  ideas  reduced  to 
writing  will  form  a  most  interesting  topic  for  discussion  at  the  annual  meeting. 

The  meeting  adjourned  to  January  11, 1896. 

F.  J.  Smith,  Secretary. 


Boston  Society  of  Civil  Engineers. 


December  18,  1895. — A  regular  meeting  was  held  at  the  Society  rooms,  36 
Broomfield  Street,  Boston,  at  7.45  p.m.  Past  President,  Frederic  P.  Stearns  in  the 
chair.     Eighty-three  members  and  visitors  present. 

The  record  of  the  last  meeting  was  read  and  approved. 

Messrs.  Joseph  S.  Craigue,  Arthur  W.  Dean,  Arthur  C.  Grover,  Joseph  P. 
Lyon,  Irving  E.  Moultrop,  Franklin  H.  Bobbins,  George  G.  Shedd,  Gordon  H. 
Taylor  and  De  Witt  C.  Webb  were  elected  members,  and  Mr.  Heber  B.  Clewley  an 
associate  of  the  Society. 

Mr.  Fred.  Brooks,  for  the  Committee  appointed  to  prepare  a  memoir  of  Wil- 
lis H.  Hall,  submitted  its  report,  which  was  read  and  accepted. 

The  Chairman  announced  the  death  of  Horace  L.  Eaton,  a  member  of  the 
Society,  which  occurred  on  November  23,  1895,  and  on  motion  the  President  was 
requested  to  appoint  a  committee  to  prepare  a  memoir. 

The  thanks  of  the  Society  were  voted  to  the  Walworth  Manufacturing  Co.,  of 
Boston,  for  courtesies  shown  its  members  on  the  occasion  of  the  visit  to  the  Com- 
pany's works  at  South  Boston  this  afternoon. 

The  following  resolution,  which  was  considered  at  the  last  meeting,  came  before 
the  Society  for  adoption : 
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Resolved,  That  the  Boston  Society  of  Civil  Engineers  earnestly  deprecate  the 
use  of  any  of  the  wire  and  sheet  metal,  or  other  trade  gauges  now  in  vogue,  and 
strongly  urge  the  use  of  a  decimal  system  for  all  such  measurements. 

Mr.  A.  H.  Howland  spoke  very  strongly  in  opposition  to  the  resolution.  Upon 
a  vote  being  taken,  eighteen  were  in  favor  of  its  adoption  and  two  against. 

Mr.  George  S.  Rice  then  delivered  an  informal  address  entitled  "  Some  Notes 
Concerning  the  New  Croton  Aqueduct."  Mr.  Rice  gave  a  general  description  of 
the  work,  illustrating  the  important  features  by  over  100  lantern  views,  and  spoke 
in  more  detail  of  the  method  of  grouting  which  was  used  where  defective  work 
was  discovered  in  the  aqueduct. 

Adjourned.  S.  A.  Tinkham,  Secretary. 


Willis  H.  Hall.— A  Memoir 


By  Frederick  Brooks,  A.  M.  Mattice  and  F.  W.  Dean,  Committee  of  the 
Boston  Society  of  Civil  Engineers. 


[Read  December  18,  1895.] 

Willis  H.  Hall,  son  of  Edward  B.  and  Ellen  N.  Hall,  was  born  December 
23,  1860,  at  West  Westminster,  Vermont.  His  ancestors  had  long  lived  in  New 
England  and  had  been  engaged  in  farming.  His  education,  after  leaving  the  common 
school,  was  obtained  at  the  Vermont  Academy,  at  Saxton's  River,  Vermont,  near 
his  home,  and  at  the  Polytechnic  Institute,  at  Worcester,  Mass.,  where  he  studied  for 
about  a  year.  He  was  employed  for  a  time  at  Hopedale,  Mass.,  but  his  principal 
occupation  was  in  the  office  of  E.  D.  Leavitt,  at  Cambridgeport,  where  he  was  em- 
ployed as  draughtsman  from  September  5,  1882,  to  September  1,  1888,  and  again 
from  December  28,  1891,  to  June  2,  1894.  He  also  did  some  professional  work  in 
San  Francisco,  having  gone  to  California  to  get  the  benefit  of  a  mild  climate.  The 
latter  part  of  his  life  was  a  continued  struggle  with  that  prevalent  disease  of  New 
England,  pulmonary  consumption,  of  which  he  died  at  Fresno,  California,  August 
26,  1895. 

In  his  professional  work  he  was  conscientious,  thorough  and  intelligent,  always 
wanting  to  know  the  reason  why.  He  was  obliging  and  agreeable  in  all  his  inter- 
course, and  his  sterling  character  might  be  a  worthy  example  for  us  all,  though  his 
life  was  without  exciting  incidents  and  was  brought  prematurely  to  a  close. 

In  November,  1887,  he  married  Miss  Elmira  F.  Cobb,  of  Cambridge,  Mass., 
who  survives  him. 


Engineers'  Club  of  Minneapolis. 


Minneapolis,  Minn.,  December  23,  1895. — A  meeting  of  the  Engineers'  Club 
of  Minneapolis  was  he-Id  at  the  office  of  the  City  Engineer,  City  Hall,  at  8  p.m., 
the  President  in  the  chair. 

Minutes  of  previous  meetings  were  read  and  approved,  after  correcting  those  of 
last  meeting  relating  to  statement  of  indebtedness,  making  them  read  "  which  sum 
was  entirely  a  balance  due  to  the  Journal." 
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A  statement  was  again  made  of  the  account  due  for  the  Journal,  of  the  money 
on  hand,  and  the  amounts  due  the  Club  from  its  members,  after  informal  discussion. 

W.  R.  Hoag  moved  that  the  Secretary  and  Treasurer  be  instructed  to  send  to 
J.  C.  Trautwine,  Jr.,  Secretary  of  the  Association  of  Engineering  Societies,  Seventy- 
five  Dollars  ($75)  and  to  notify  him  that  the  balance  of  the  amount  already  due 
Avould  be  send  him  by  February  1,  1896. 

That  from  January  1,  1896  (for  the  Journal  of  1896),  a  new  mailing  list  will 
be  furnished,  and  that  Mr.  Trautwine  be  instructed  to  send  no  Journals  on  account 
of  this  Club,  to  any  one  not  upon  the  new  list. 

That  the  Secretary  place  no  name  on  the  new  list  until  the  money  is  paid  him 
for  the  Journal  of  1896.     Carried  unanimously. 

It  was  then  moved  that  the  Secretary  be  instructed  to  see  all  the  members  of 
the  Club  before  January  1,  1896,  and  ask  them  to  take  the  Journal  and  pay  him 
the  Three  Dollars  ($3)  in  advance,  or  send  in  their  resignations,  or  the  Club  will 
take  suitable  action  at  its  next  meeting.     Carried. 

G.  D.  Shepardson  moved  that  an  assessment  of  Three  Dollars  ($3)  be  levied 
on  each  member  of  the  Club  to  apply  on  the  Journal  for  1896.     Carried. 

On  motion  adjourned  to  meet  in  January,  as  the  annual  meeting  to  elect  officers. 

Elbert  Nexen,  Secretary. 


Bradley  §  Pontes,  -fitter's,  N.Y. 
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NOTICE. 

Notice  is  hereby  given  to  the  readers  of  this  Journal  that  after  the  completion  of  the  current 
volume,  with  the  December  number,  1895,  this  Index  Department  will  be  discontinued.  This  action 
has  been  taken  by  the  Board  of  Managers  of  the  Journal  in  view  of  the  elaborate  and  more  com- 
plete index  to  current  engineering  and  other  technical  literature,  which  is  now  published  in  the 
Engineering  Magazine.  The  Journal  of  the  Association  of  Engineering  Societies  has 
maintained  this  Index  Department  for  the  past  eleven  years  at  an  annual  expense  for  composition, 
printing  and  republication  in  the  annual  summary,  of  about  $1,000.  This  Index  has  been  entirely 
unique  in  its  characteristics,  but  within  the  last  few  months  the  Index  published  by  the  Engin- 
Magazine  has  been  prepared  directly  on  the  lines  which  have  been  followed  in  the  prepara- 
tion of  our  own  Index  Department.  Since  the  editor  of  that  journal  proposes  to  maintain  his  Index 
on  these  lines,  and  to  publish  an  annual  summary  as  a  separate  volume,  which  will  be  sold  sepa- 
rately from  the  Magazine,  the  Board  of  Managers  of  this  journal  has  decided  to  abandon  the  work, 
and  to  recommend  the  readers  of  this  journal  who  value  the  Index  Department  to  subscribe  for 
the  Engineering  Magazine,  and  so  encourage  the  editor  of  that  journal  to  maintain  this  department 
in  an  adequate  manner. 

The  editor  of  that  magazine  has  also  agreed  to  republish  the  index  notes  which  have  appeared 
in  this  journal  for  the  last  four  years  in  a  bound  volume,  similar  to  that  published  some  years  ago, 
oontaining  the  index  notes  for  the  seven  preceding  years. 

In  thus  taking  leave  of  the  many  friends  who  have  encouraged  the  manager  of  this  depart- 
ment in  the  past,  by  their  appreciative  recognition  of  the  service  rendered  them  in  its  preparation, 
he  bespeaks  for  the  editor  of  the  Engineering  Magazine  the  same  kind  consideration  and  helpful 
assistance. 

J.  B.  Johnson, 
Manager  Index  Department,  Chairman  Board  of  Managers. 


The  repetition  of  titles  in  this  issue  of  the  annual  index  in  place  of  the  use  of  dashes,  as  here- 
tofore, is  due  to  the  use  of  the  linotype  machine  in  setting  the  type.  By  its  use  the  total  cost  of 
the  index  has  been  reduced  about  one-third. 
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UNITED  STATES. 

ANNUAL. 
American  Institute  of  Mining  Engineers,  Transactions  of  the  —  {Trans.  A.  I.  M.  E.), 

13  Burling  Slip,  New  York  ;  per  year,  $5. 
American  Society  of  Mechanical  Engineers,  Transactions  of  the  —  (Trans.  A.  S.M.  E.), 

12  West  Thirty-first  Street,  New  York. 
American  Water  Works  Association,  Proceedings  of  Annual  Meetings  of  the  — 

(Am.  W.  W.  Ass'n.),  95  William  Street,  New  York  ;  per  year,  $1. 
Society  of  Naval  Architects  and  Marine  Engineers,  Transactions  of  the— (Trans. 

N.  A.  &  M.  E.),  W.  L.  Capps,  Secretary,  1710  F  Street  N.  W.,  Washington,  D.  C;  $10  per  annual 

volume. 

QUARTERLY. 
Engineers'  Cluh  of  Philadelphia,  Proceedings  of  the  —  (Proc.  Eng.  Club  Phila.),  1122 

Girard  Street,  Philadelphia,  Pa. ;  per  year,  $2. 
New  England  Water  Work  Association,  Journal  of  the  —  (Jour.  N.  E.  W.  W.  Assn.),  New 

London,  Conn. ;  per  year,  82  ;  single  copies,  75  cents. 
School  of  Mines  Quarterly  (Sch.  Mines  Quart.),  Columbia  College,  New  York  City;  per  year, 

$2 ;  single  copy,  50  cents. 
Technology  Quarterly  and  Proceedings  of  the  Society  of  Arts  (Tech.  Quart.),  Massa- 
chusetts Institute  of  Technology,  Boston,  Mass. ;  per  year,  $3. 
United  States  Naval  Institute,  Proceedings  of  the  — (Proc.  U.  S.  N.  I.),  United  States  Naval 

Institute,  Annapolis,  Md.;  per  year,  83.50;  single  copy,  $1. 
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Societies. 

American  Institute  of  Electrical  Engineers,  Transactions  o  the  —  (Trans.  A  I.  E.  E.), 
12  West  Thirty-first  Street,  New  York  City. 

American  Society  of  Civil  Engineers,  Transactions  of  the —  (Trans.  A.  S.  C.  E.),  127 
East  Twenty-third  Street,  New  York  ;  per  year,  $10. 

Association  of  Engineering  Societies,  Journal  of  the  —  (Jour.  Assn.  Eng.  Socs.),  Phila- 
delphia :  per  year  f  3  ;  single  copy,  30  cents. 

Engineers'  Society  of  Western  Pennsylvania,  Proceedings  of—  (Proc.  Eng.  Soc.  W.  Pa.), 
Allegheny,  Pa ;  per  year,  $7  ;  single  copy,  75  cents. 

Franklin  Institute,  Journal  of  the  —  (Jour.  Frank.  Inst.),  Franklin  Institute,  Philadelphia, 
Pa. ;  per  year,  $5 ;  single  copy,  50  cents. 

Periodicals. 

American  Engineer  and  Railroad  Journal  (Am.  Eng.  &  R.  R.  Jour.),  47  Cedar  Street,  New 

York  ;  per  year,  S3 ;  single  copy,  25  cents. 
Cassier's  Magazine  (Cassier),  World  Building,  New  York  ;  per  year,  13;  single  copy,  25  cents. 
Clay  "Worker  (Clay  W.),  Indianapolis,  Ind.;  per  year,  $2.00. 
Engineering  Magazine  (Eng.  Mag.),  47  Times  Building,  New  York;  per  year,  S3  ;  single  copy, 

25  cents. 
Engineering  Mechanics  (Eng.  Mech.),  430  Walnut  Street,  Philadelphia,  Pa.;  per  year,  SI  ;  sin- 
gle copy,  10  cents. 
Irrigation  Age  (Irrigation  Age),  Chicago,  111.;  per  year,  $2. 
Master  Steam  Fitter  (Msl.  Stm.  Fitter),  218  La  Salle  Street,  Chicago,  111.  ;  per  year,  SI ;  single 

copy,  10  cents. 
Municipality  and  County.   The  —  (Munie  &  Co.)  Niagara  Publishing  Co.,  202  Main  St.,  Buffalo, 

N.  Y.;  per  year,  $2. 
Paving  and  Municipal  Engineering  (Pav.  &  Munic.  Eng.),  Municipal  Engineering  Co.,  44 

Chamber  of  Commerce,  Indianapolis,  Ind.;  per  year,  $2;  single  copy,  25  cents. 
Power  (Potter),  World  Building,  New  York  ;  per  year,  SI  ;  single  copy,  10  cents. 
Railway  Engineering  and  Mechanics  (Ry.  E.  &  M.),  816  The  Rookery, Chicago,  111.;  per  year, 

SI  ;  single  copy,  10  cents. 
Safety  Valve  (Sy.  Valve),  55  Liberty  Street,  New  York;  per  year,  SI ;  single  copy.  10  cents. 
Street  Railway  Journal  (St.  Ry.  Jour.),  World  Building,  New  York ;  per  year,  $4 ;  single  copy, 

35  cents. 
Stone  (Stone),  Chicago;  per  year,  $2  ;  single  copy,  25  cents. 
Street  Railway  Review  (St.  Ry.  Rev.),  269  Dearborn  Street,  Chicago,  111.;  per  year,  $2  ;  single 

copy,  25  cents. 

WEEKLY. 
American  Architect  (Am.  Arch.),  Ticknor  &Co.;  211  Tremont  Street, Boston,  Mass.;  single  copy, 

15  cents. 
American  Machinist  {Am.  Mach.),  96  Fulton  Street,  New  York;  per  year,  $2 ;  single  copy,  10 

cents. 
Boston  Journal  of  Commerce  (Bos.  Jour.  Com.),  128  Purchase  Street,  Boston,  Mass.;  per  year, 

S3 ;  single  copy,  6  cents. 
Electrical  Engineer  (Elec.  Engr.),  203  Broadway,  New  York ;  per  year,  S3. 
Electrical  World  (Elec.  World),  177  Times  Building,  New  York;  per  year,  S3;  single  copy,  10 

cents. 
Engineering  and  Mining  Journal  (E.  &  M.  Journal),  253  Broadway,  New  York;  per  year,  So  ; 

single  copy,  15  cents. 
Engineering  News  (Eng.  News),  Tribune  Building,  New  York ;  per  year,  $5 ;  single  copy,  15 

cents. 
Engineering  Record  (Eng.  Rec),  277  Pearl  Street,  New  York ;  per  year,  $5 ;  single  copy,  12 

cents. 
Railroad  Gazette  (R.  R.  Gaz.),  32  Park  Place,  New  York  ;  per  year,  S4.20  ;  single  copy,  10  cents. 
Scientific  American  Supplement  (Sei.  Am.  Sup.),  361  Broadway,  New   York;  per  year,  S5; 

single  copy,  10  cents. 
Electric  Railway  Gazette  (E/ee.  Ry.Gaz.),  Monadnock  Block, Chicago  ;  per  year,  S3;  single  copy, 

25  cents. 
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CANADA. 

Canadian  Society  of  Civil  Engineers,  Transactions  of  the  —  {Trans.  Can.  Soc.  C.  E.), 
McGill  University,  Montreal. 

GREAT  BRITAIN. 

Electrical  Review  {Elec.  Rev.),  22  Paternoster  Row,  London,  E.  C;  weekly;  per  year,  21s,  8d; 

single  copy,  4d. 
Engineer,  The  —  {Lon.  Engineer),  London,  England  ;  weekly ;  per  year,  $10  ;  single  copy,  25  cents. 
Engineering  {Lon.  Eng.),  London,  England  ;  weekly  ;  per  year,  $10  ;  single  copy,  25  cents. 
Engineering  Review  {Eng.  Rev.),  29  Great  George  Street,  S.   W.,  England ;  monthly  ;  single 

copy,  6d. 
Institution  of  Civil  Engineers,  Proceedings  of  the  —  (Proc.  Inst.  C.  E.),  25  Great  George 

Street,  Westminster,  S.  W.,  London,  England. 
Institution  of  Mechanical  Engineers,  Proceedings  of  the  —  (Proc.  Inst.  Mech.  Engs.),  19 

Victoria  Street,  Westminster,  S.  W.,  London,  England. 
Mechanical  World  {Mech.  World),  Manchester,  England;  weekly  ;  per  year,  8s,  8d. 
Practical  Engineer  {Prac.  Engr.),  2  Amen  Corner,  London,  E.  C,  England  ;  weekly ;  pei  year, 

10s. 
Railway  Engineer  {Ry.  Eng.),  8  Catherine  Street,  Strand,  W.  C,  London,  England ;  monthly  ; 

single  copy,  Is. 

INDIA. 

Indian  Engineer  {Ind.  Engr.),  Calcutta,  India  ;  per  year,  20  Es. 

Indian  Engineering  {Ind.  Engng.),  Calcutta,  India,  weekly  ;  per  year,  18s ;  single  copy,  8  annas. 

FRANCE. 

Ponts  et  Chaussees,  Annales  des  —  {Annates  des  P.  &  C),  monthly.  Vve.  Ch.  Dunod,  49  Quai 

des  Augustins,  Paris,  France. 
Societe  des  Ingenieurs  Civils,  Menioires  de  la  —  {Menis.  Soc.  Ing.  Civils),  monthly,  10  Citfi 

Rougement,  Paris. 

GERMANY,  AUSTRIA  AND  SWITZERLAND. 

Archiv  fur  Eisenhahnwesen  {Arch.  f.  Eiseribw.),  bi-monthly,  Julius  Springer,  Berlin,  Germany  ; 
per  year,  12  marks. 

Civilingenieur,  Der  —  (Civ.  Ing.),  monthly. 

Deutsche  Bauzeitung  (Deutsche  Bztg.),  semi-weekly,  Berlin,  Germany ;  per  year,  12  marks. 

Journal  fur  Gasheleuchtung  und  Wasserversorgung  (Jour.f.  Gasb.  u.  Wasserv.),  three 
times  a  month,  11  Gliickstrasse,  Munich,  Germany  ;  per  year,  20  marks. 

Praktische  Maschinen-Constructeur,  Der — (Pr.  Msch.  Cnstr.),  bi-weekly,  Leipzig-Gohlis, 
Germany  ;  per  year,  16  marks. 

Schweizerische  Bauzeitung  (Schw.  Bztg.),  German  and  French,  32  Brandschenkestrasse, 
Zurich. 

Zeitschrift  des  Oesterreichischen  Ingenieur  und  Architekten  Vereins  (Zlsch.  OesL), 
weekly. 

Zeitschrift  des  Vereines  Deutscher  Ingenieure  (Zlsch.  Ver.  Ing.),  weekly,  Berlin,  Ger- 
many ;  per  year,  32  marks. 
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Ani  Arch.     American  Architect,  Boston ;  weekly. 

Ain  Eng  *  I!  li  Jour.    American  Engineer  &  Railroad  Journal,  New  York;  monthly. 

Am  Mach.    American  Machinist,  New  York  ;   weekly. 

A  1 1 1.  W.  W.  Assn.     Proceedings,  American  Water  Works  Association,  New  York  ;  annual. 
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Cassier.     Cassier's  Magazine,  New  York  ;  monthly. 
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Clay  W.     Clay  Worker,  Indianapolis,  Ind.;  monthly. 
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Elec  Rev.     Electrical  Review,  London,  Eng.;  weekly. 

Elec  World.     The  Electrical  World,  New  York  ;  weekly. 

Eng  Mag.     The  Engineering  Magazine,  New  York  ;  monthly. 

Eng  Mech.    Engineering  Mechanics,  Philadelphia,  Pa.;  monthly. 

Eng  News.    Engineering  News,  New  York;  weekly. 

Eng  Kec.    Engineering  Record,  New  York  ;  weekly. 

Eng  Rev.    Engineering  Review,  London,  Eng.;  monthly. 

Ind  Engng.    Indian  Engineering,  Calcutta,  India  ;  weekly. 

Ind.  Engr.     Indian  Engineer,  Calcutta,  India ;  weekly. 
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Eon  Eng.     Engineering,  London,  England  ;  weekly. 

Eon  Engineer.     The  Engineer,  London,  England;  weekly. 

Mst.  Stm.  Fitter.    Master  Steam  Filler,  Chicago,  111.;  monthly. 
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St  Ry  Jour.     Street  Railway  Journal,  New  York ;  monthly. 

St  Ry  Rev.    Street  Railway  Review,  Chicago,  111.;  monthly. 

Sy  Valve.    Safety  Valve,  New  York ;  monthly. 

Tech  Quart.     Technology  Quarterly  and  Proceedings  of  the  Society  of  Arts,  Boston,  Mass 

Trans  A  I  E  E.     Transactions  of  the  American  Institute  of  Electrical  Engineers,  New  York  City. 

Trans  A  I  M  E.     Transactions  of  the  American  Institute  of  Mining  Engineers,  New  York. 

Trans  A  S  C  E.     Transactions  of  the  American  Society  of  Civil  Engineers,  New  York  ;  monthly. 

Trans  A  S  M  E.     Transactions  of  the  American  Society  of  Mechanical  Engineers,  New  York 

Trans  Can  Soc  C  E.     Transactions  of  the  Canadian  Society  of  Civil  Engineers,  Montreal. 
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Ztsch  Oest.    Zeitschrift  des  Oeslerreichischen  Ingenieur  und  Archileklen  Vereins;  weekly. 
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ACCUMULATORS,  Uses  of  . 

Extended  serial  discussion  of  past  developments,  present  uses  and  future 
probabilities.    J.    C.    Howell.— Elee.  Rev.,  May  24,  1895,  p.  660,  et  seq. 

ACOUSTICS  of  Buildings. 

Extensive  article  concerning  principles  involved  and  suggested  details 
to  be  observed  in  construction.  With  discussion.  —Am.  Arch.,  May  18,  1895, 
p.  65,  et  seq. 

AERIAL.    NAVIGATION. 

Article  by  A.  Ritter,  describing  the  progress  made  in  this  line  during  the 
last  few  years.— Ztsch.  Ver.  Ing.,  May  18,   1895. 

AERONAUTICS. 

Experiments  in  ,  by  Hiram  S.  Maxim.     Paper   read    before    the    Soc.    of 

Arts.     Illustrated.  — Prac.  Engr.,  Dec.  14,  1894,  et  seq. 

AIR,  A  Note   on  Compressed  . 

A  paper  on  the  use  of  compressed  air,  by  Frank  Richards,  read  before 
the  A.  S.  M.  E.  at  the  Montreal  meeeting.  —Trans.  A.  S.  M.  E.  Vol.  XV 
(1894),    p.    685. 

AIR  BRAKE;  Present  Status   of  tbe . 

Recent  improvements  and  present  practice.  E.  J.  Wessels.— Elec.  Ry.  Gaz., 
Oct.  19,  1895,  p.  298. 

AIR,  Compressed  Dredging  by  Means  of  . 

See  DREDGING. 

AIR,   Compressed  , 

As  used  in  the  shops  of  the  Delaware,  Lackawanna  and  Western  Railroad, 
at  Buffalo.    Illustrated.    F.  M.  Wilder.  — R.  R.  Gaz.,  Jan.  4,  1895. 

AIR,    Compressed   . 

Its  use  for  cold  storage  and  cooling  rooms  in  plants  adapted  to  dwellings; 
advocated  by  G.  D.  Hiscox.  — Sci.  Am.  Sup.,  Feb.  23,  1895. 

AIR,   Compressed   , 

Piping  for .    Diameter  of .    By  Frank  Richards.  —Am.  Mach.,  Dec.  27, 

1894. 

AIR,    Compressed   . 

Size  of  piping  for  ,  by  Frank  Richards.  —Prac.  Engr.,  Feb.  15,  1895. 

AIR  COMPRESSOR,  A  New  . 

Description  and  derails  of  the  New  York  Air  Brake  Co.'s  machine.  Illus- 
trated.—Eng  News,  June  (5,  1895,  p  374. 

AIR  COMPRESSORS,  The  Valves  for 

A  paper  by  G.  Pearl,  read  before  the  Society  of  Engineers  at  Ruhr,  giving 
a  complete  treatment  of  how  to  design  and  compute  the  dimensions  of  the 
valves  for  an  air  compressor.  The  paper  is  illustrated.— Ztsch.  Ver.  Ing., 
April  20,  1895. 

AIR-LIFT,  Raising  Water  by  tbe    . 

The  use  of  compressed  air  for  raising  water  as  applied  by  Dr.  Pohle  elev- 
en years  ago,  and  Its  development  and  present  efficiency.  —Eng.  Rec, 
April  20,  1895,  et  seq. 

AIR,  Power  Transmission  by  Compressed   „ 

See    POWER    TRANSMISSION. 

AIR  PUMP,  Capacity  of  , 

With  hints  in  designing.    By  Charles  M.  Jones.  —Am.  Mach.,  Jan.  10,  1895. 

27  (v) 


vi  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

AIR  PUMPS. 

Abstract  of  paper  on  the  design  of  Air  Pumps,  by  F.  H.  Bailey,  U.  S.  N„ 
from  the  Journal  of  the  Am.  Soc.  of  M.  E.  —  Prac.  Engr.,  Feb.  8,  1895. 

AIR-PUMPS  With     Valves     Actuated  by    Positive    Motion. 

An  interesting  paper  by  A.  W.  Koster,  giving  rules  for  the  design  of  such 
valves  and  also  several  examples.—  Ztsch  Ver.  Ing.,  Sept.  7,  1895. 

ALTERNATING  CURRENT  CURVI5S. 

How  to  delineate  alternating  current  curves  when  the  alternator  is  inac- 
cessible.      By  J.   A.   Flemming.  —  Elec.   Engr.,   March,  1895. 

ALU3IINUM,  Properties  and  Alloys  of  . 

Extract  from  a  paper  read  by  J.  C.  McClure  before  the  Soc.  of  Naval 
Archts.  and  Marine  Engrs.  —Am.  Mach.,  Nov.  28,  1895,  p.  944. 

AMBULANCE,    Stret    Railway    , 

See  STREET  RAILWAY. 

ANCHOR   ICE;   An    Experience   With . 

Its  troublesome  action  at  Higham,  Mass.,  and  means  used  to  correct  its 
action.  Chas.  W.  S.  Seymour — Jour.  N.  E.  W  W.  Ass'n.  Vol.  ix,  No.  4, 
p  223,   a  85). 

ARCH  Bridge. 

See  BRIDGE. 

ARCH   Railway  Bridge. 

See  BRIDGE. 

ARCHES;  the  Calculation  of  . 

Simplification  of  their  determination,  and  formulae  deduced,  both  for  the 
ordinary  form  and  for  jointed  arches.  Extensive  theoretical  discussion  by 
M.  Souleyre.-Annales   des  P.   &  C,  Vol    7,  No.  6,  p.  618  (1895). 

ARCHITECTURAL   CONSIDERATIONSof  the  Design  of  Stone  Bridges. 

See  BRIDGES. 

ARCHITECTURE. 

The  new  City  Hall  of  Gelsenkirchen.  Article  by  E.  Endler,  the  architect  of 
the  building.  It  is  accompanied  by  excellent  illustrations.  —Deutsche  Bztg., 
Jan.  5,  1895. 

ARCHITECTURE.    English    Architects  and  . 

Their  contemporary  achievements  and  teachings.  Fully  illustrated.  —  Engr. 
Mag.,  Vol.  X,  No.  2,  pp.  203-226  (1895). 

ARCHITECTURE  In  France. 

Characteristic  features  of  recent  structures.  Their  influence  on  American 
designs.       Profusely  illustrated.       By  Barr  Ferree.  — Eng.  Mag.,  March,  1895. 

ARCHITECTURE;    Modern    Church    . 

The  necessity  of  the  artistic  quality.  How  it  is  and  how  it  should  be  de- 
veloped and  treated.  Illustrated  seerial.  Barr  Ferree.— Am.  Arch.,  Oct.  5, 
1895,  p.  3,   et  seq. 

ARCHITECTURE  of  Modern  Hospitals. 

Numerous  examples  given  of  present  practice.  Well  illustrated.  E.  C. 
Gardner.  —Eng.    Mag.,    Vol.    IX,    No.  6,  p.   1086  (1895). 

ARCHITECTURE   of  Municipal  Buildings. 

Materials  and  style  as  affected  by  their  purpose,  situation  and  use.  Illus- 
trated extensively  from  American  and  foreign  cities.  E.  C.  Gardner.  —Eng. 
Mag.,  Jan.,  1895. 

ARCHITECTURE   of  Railroad   Stations. 

Its  development  in  the  U.  S.  Reference  to  and  illustrations  of  many  sta- 
tions in  this  country  and  Europe.  Bradford  L.  Gilbert.  —Eng.  Mag.,  Vol. 
IX,   No.  4,   p.   649  (1895.) 

ARCHITECTURE    of  the   University   of  Virginia. 

The  influence  of  Thomas  Jefferson  on  plans  and  details.  —Am.  Arch.,  Jan. 
19,  1S95. 


INDEX— ANNUAL  SUMMARY.  vii 

ARCHITECTURE,   School  . 

Numerous  examples  of  modern  construction.  Extensively  illustrated.  E. 
C.  Gardner.  — Eng.  Mag.,  Vol.  X,  No.  3,  p.  478. 

ARCHITECTURE;  The   Colonial   Style  of  . 

History,  principles  and  examples.  Illustrated.  William  Danmar.  —Tech. 
Quart.,  Vol.  VII.,   No.  4,  p.  324  (1894). 

ARMOR,  Face  Hardened   . 

Extensive  discussion  concerning  its  history,  manufacture,  cementation, 
hardening,  and  the  theory  of  resistance.  Well  illustrated.  Lieut.  A.  A. 
Acker  man,   U.  S.  N.     With  discussion.  — Proc.  U.  S.  N.  I.,  Vol  XXI,  No.  1. 

ARTESIAN    WELLS;    Power    From   . 

Examples  of  wells  having  a  high  pressure  which  is  utilized  for  mechanical 
purposes.  Illustrated.  A.  L.  Baumgartner.— Cassier,  Vol.  8,  No.  6,  p.  547 
(1895). 

ASPHALT. 

See  PAVEMENTS,  PAVING. 

ASPHALT  Pavement  Repairs. 

See   PAVEMENT. 

ASPHALT  Pavements. 

Cost  of  repairs  in  Buffalo  average  iy2  cents  per  yard.  Table  and  comments. 
—Eng.  Rec,  May  25,  1895,  p.  4G1. 

ASPHALT  PAVEMENTS   in  Europe. 

The  usual  road  made  of  an  asphaltic  limestone,  ground  and  spread  over 
beton.  Differences  between  European  and  American  practice.  S.  F.  Peck- 
ham.  — Pav.   and   Munic.   Eng.,   Vol.  VIII.,  No.  6  (1895),  p.  325. 

ASPHALT  PAVING. 

The  practice  of  twelve  different  cities  concerning  base,  binder,  cost  and  gen- 
eral details.  —Eng.    News,   Jan.    10,  1895. 

ASPHALT  PAVING  in  New  York  City. 

Its  proposed  extension,    wth  reasons.  — Eug.  News,  May  30,  1895,  p.  351. 

ASPHALT,  Tests  of  . 

How  to  determine  its  quality.  Opinions  from  nearly  a  dozen  cities,  show- 
ing the  necessity  of  chemical  tests,  and  reporting  that  expert  mechanical 
treatment  is  an  equal  necessity  and  that  time  in  service  is  the  only  ulti- 
mate   criterion.    — Pav.    and    Munic.     Eng.,  Feb.  1895. 

ASPHALTS,  and  Bitumens. 

A  lecture  by  Samuel  P.  Sadtler,  before  the  Brooklyn  Institute.  —Jour. 
Frank.  Inst.,  Sept.  1895,  p.  198. 

ASPHALTUM  and  Bituminous  Rock   of  California. 

The  varied  and  most  valuable  deposits,  with  characteristics  and  analyses 
of  some  of  the  most  important.  Clifford  Richardson.  —Pav.  and  Munic. 
Eng..  Vol.  IX,  No.   1,  p.   10  (1895.) 

ASPHALTUM,  California  . 

Occurrence,  properties  and  importance  for  paving  purposes.  Clifford  Rich- 
ardson. — Pav.   and   Munic.    Eng.,   Vol.  IX,  No.   1,  p.  10. 

ASTRONOMY;  Studies  in  Spherical  and    Practical   . 

Exposition  of  methods  for  their  treatment  as  found  useful  in  work  with  in- 
struments and  in  reduction  of  data  derived  therefrom.  George  C.  Corn- 
stock.  —Bulletin,  Univ.  of  Wis.,  Vol.  1,   No.   3,  pp.   57-107   (1895.) 

AXLES.  Stresses  in   Car  . 

Extended  discussion,  with  application  of  deductions  to  the  design  of  the 
axles.  — R.  R.  Gaz.,  April  26,  1895. 

BALL  BEARINGS 

By  W.  H.  Booth.    Illustrated.  —  Prac.  Eng.,  May  24,  1895,  p.  ^00. 

BALL  BEARINGS,   Rolling  Machine    for  . 

With  illustrations  of  application  of  ball  bearings  to  wagon  and  car  axles. 
— Lon.  Engineer,  March  1,  1895. 
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BASE-LINE  Measurement. 

See  GEODETIC  SURVEYING. 

BATTERY,  Storage   . 

For  lighting-  and  street  railway,  Merrill,  Wis.  G.  Herbert  Condict.  — Elec. 
World,  Jan.  26,  1895.    St.  Ry.  Gaz.,  Jan.  26,  1895. 

BATTERY,  Storage  . 

Historical  review,  and  an  account  of  many  of  the  present  batteries  and  of 
their  action  and   parts.    Illustrated.    J.  Appleton.  —Elec.  World,  Jan.  5,  1895. 

BATTERY,  Storage  . 

The  Syracuse  Storage  Battery  for  traction,  central  stations  and  private 
use.    Illustrated.  —Elec.  Eng.,  Dec.  5,  1894. 

BATTERY,  Storage  ,  the  Hess   . 

Illustrated.  —Elec.  Eng.,  Dec.  12,  1894. 

BATTERY,  Storage  . 

Use  of as  auxiliaries  to  electric  lighting  plants  in  office  buildings.  Il- 
lustrated. Paper  read  by  Chas.  Blizard  before  the  Northern  Soc.  of  Elec. 
Engrs.  —Elec.  Eng.,  Nov.  6,  1895,  p.  441. 

BEACON  Tower,  Concrete  . 

On  the  Plateau  of  Horaine  off  the  coast  of  France.  Plans  and  methods 
used  in  construction  on  this  exceptionally  exposed  reef.  Illustrated.  — Sci. 
Am.  Sup.,  March  9,  1895. 

BEAMS,  the  Laws  of  Flexure  of  . 

A  description  of  an  apparatus,  devised  by  James  L.  Greenleaf,  for  experi- 
menting on  beams,  and,  also,  the  results  of  experiments  to  determine  the 
law    of    flexure.  —Jour.    Frank.    Inst..  July,  1895. 

BEARING,  Adjusting  the   of  Connecting  Rods. 

A  method  of  adjusting  the  bearings  of  journals  by  the  use  of  small  hard- 
ened steel  balls.  Suggested  by  Charles  W.  Hunt.  —Trans.  A.  S.  M.  E.,  Vol. 
XV  (1894),  p.  751. 

BELT,  Quarter-Turn   . 

Methods  of  turning  power  round  a  corner  by  belting.  By  D.  N.  Rlcker. 
Illustrated.  —Power,    March,    1895.  , 

BELT  SHIFTERS,  Electric  . 

Illustrated  description  of  automatic  electric  belt  shifters.  By  H.  V.  Parsall, 
Jr.  —Elec.  Eng.,  Dec.  12,  1894. 

BELT  Transmission. 

See   POWER. 

BELTING,  Cements  for  Joints  in   . 

Compositions    of . — Power,    Dec,  1894. 

BELTING,   Notes  on   . 

Rules  to  be  observed  in  the  use  of  belting  so  as  to  abtain  the  greatest 
economy    of    expenses.    Fred  W.    Taylor.  —Trans.  A.  S.  M.  E.,  Vol  XV. 

BELTING.  Strength  of  Leather  . 

Results  of  tests  made  under  the  direction  of  Prof.  Chas.  H.  Benjamin.  Il- 
lustrated. —Am.  Mach.,  Nov.  14,  1895,   p.   911. 

BELTING,  Width  of   , 

For  any  required   horse  power.    By  J.  L.  Bixby.  —Power,  Dec,  1894. 

BENCH  MARKS,  Elevations   of . 

Description  and  elevations  of  bench     marks    along    the    Mississippi     River 
above  Keokuk,   Iowa.  —Report  Chief  of  Engineers,  U.  S.  A.,  1894,  p.  2758. 
BETON,  The  Elasticity  of  . 

An  article  oy  O.  Bach,  in  which  a  long  series  of  tests  of  beton,  with  ref- 
erence to  its  elasticity,  is  described.  The  apparatus  used  is  described 
and  illustrated,  and  altogether  the  paper  is  a  very  interesting  one.  — Ztsch. 
Ver.  Ing.,  April  27,  1S95. 

BOAT,    an    Amphibious   . 

The  boat  Svanen,  which  steams  on  two  Danish  lakes  and  crosses  the  isth- 
mus between  them  on  a  railway  having  a  grade  of  1  in  50.  Illustrated.— 
Don.  Engineer,  Oct.  11,  1895,  p.  370. 


INDEX— ANNUAL  SUMMARY.  ix 

BOATS,  IVew  Torpedo  . 

Illustrated  description  of  the  engines  and  boiler  of  the  new  torpedo-boata 
of  the  United  States.  — Amer.  Eng.  &  R.  R.  Jour.,  Oct.,  1895,  p.  465. 

BOATS,  Traction  of  . 

Conditions  affecting  resistance  and  cost,  results  of  experience  and  differ- 
ent methods  compared.  W.  H.  Wheeler.  — Lon.  Engineer,  April  12,  1895 
•t  seq. 

BOILER  and  Engine. 

Testing,  by   Chas.   Day,    London,   Eng.  — Prac.  Engr.,  Dec.  7,  1894. 

BOILER  Attendants. 

Extracts  from  the  "Instructions  to  Boiler  Attendants,"  issued  by  The 
Manchester   Steam   Users'    Association.  —Am.  Eng.  &  R.  R.  Jour.,  Jan. ,1895. 

BOILER,  Development  of  the  Marine   . 

Paper  by  J.  M.  Dewar.  —Prac.  Engr.,   Nov.   29,   1895,   et  seq. 

BOILER  Explosions. 

Causes  of  weakness  capable  of  being  learned,  and  prevention  possible  by 
rigid  inspection.  Editorial,  with  diagrams.  —Eng.  News,  June  27,  1895, 
p.  420. 

BOILER    Explosions. 

General  treatment  of  the  subject  in  its  broad  engineering  aspect.  W.  H. 
Fowler.— Proc.   Inst.,    C.    E.,   Vol.    CXX,  p.  152  (1895). 

BOILER,  Explosion   of  . 

Description  of  a  boiler  explosion  at  Woburn,  Mass.,  by  which  five  men 
were  killed  and  twelve  injured.  —Safety  Valve,  April  15,  1895. 

BOILER  FURNACE  Mechanical  Draft   for  . 

Paper  read  before  the  Western  Soc.  of  Engrs.  of  New  York,  by  H.  B. 
Prather.  —Power,   Sept.,   1895,  p.  19. 

BOILER  Slaking. 

Present  practice  in  punching,  planing,  flanging,  shearing,  riveting,  flue-set- 
ting and  all  the  various  processes.  Extensive  illustrations  of  machinery 
used.    By  William  O.  Webber.  — Cassier,  March,  1895. 

BOILER  Plates. 

Investigation  of  the  strength  of  flat  boiler  plates  by  Prof.  C.  Bach  of  Stutt- 
gart. Condensed  statement  of  tests,  with  discussion  of  results  and  derived 
formulae.    Illustrated  serial.  — R.  R.  Gaz.,  Dec.  20,  1895,  p.  837,  et  seq. 

BOILER  PLATES;    Transmission   of   Heat  Throogh . 

Discussion  of  formulae,  and  the  question  whether  it  varies  as  the  thick- 
ness of  the  plate,   or  as  its  square.  —Eng.  Rec,  Aug-.  10,  1895,  p.  192. 

BOILER  Setting-. 

Design  of  brick  setting  for  externally  fired  boilers.  Illustrated.  George 
H.    Barrus.  —Eng.    Rec,   May  4,    1895,    p.    406. 

BOILER  SHELL  Drilling  Machines. 

History  and  consideration  of  different  drills  and  of  speed  and  rate  of 
feed.  By  S.  Dixon,  with  extended  discussion.— Proc.  Inst.  Mech.  Engrs., 
Oct.,  1894,  p.  506. 

BOILER;  the  Nichansse  Water  Tnhe . 

Extended  description,  with  details  of  a  test.  Mark  Robinson.  —Lon.  Eng., 
July  19,  1895,  p  93. 

BOILER  TRIAL 

of  the  Hogan  Boiler  Company  at  Middletown,  N.  T.,  with  illustrations  of 
boiler  plant.— Power,   May,   1895,    p.  6. 

BOILERS. 

See  CORROSION,  DRAFT,  GRATES,  ELECTRIC  LIGHT  BOILERS, 
MOISTURE,  PIPE  COVERINGS,  STEAM,  STEAM  ENGINE,  WATER 
WORKS. 

BOILERS,    Corrosion   of   . 

See  CORROSION. 
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BOILERS,  Corrosion  of  Tubes  of   . 

A  physical  explanation  of  the  rapid,  corrosion  of  steel  boiler  tubes,  by 
W.  H.  Gibbons,  President  Parkesburg  Iron  Co.  —Am.  Eng.  &  R.  R.  Jour., 
April,    1895. 

BOILERS;   Coupling  • 

The  feasibility  of  coupling  boilers  of  different  systems  demonstrated.  Il- 
lustrated by  so  doing  with  a  water-tube  and  a  return-tube  boiler.  Pierre 
Sigandy.  —Lon.    Engineer,    June    21,  1895,   p.   538. 

BOILERS,  Defects  in  Steam   

Report  of  a  committee  of  the  Austrian  Association  of  Engineers  and  Ar- 
chitects to  determine  the  defects  ordinarily  found  in  boilers.  — Safety 
Valve,   April  15,  1895.     Mech.   World,  April  12,  1895.  et  seq. 

BOILERS,  Deterioration  of  Locomotive    and    Marine   Dne    to    Expan- 
sion. 

Article  by  Herr  Lentz,  with  suggestions  for  lessening  the  deterioration. 
—Am.  Eng.   &  R.  R.  Jour.,  March,   1895,  et  seq. 

BOILERS;   Down   Draught   Furnace  for   Steam . 

See  FURNACE. 

BOILERS,  Draft  in    — . 

Method  of  regulating  the  mechanical  draft  of  boilers  automatically,  by 
which  the  steam  pressure  is  kept  constant.  Illustrated.  —Power,  May, 
1895,   p.   8. 

BOILERS,   Economic    Tests    of   . 

Results  of  tests  of  a  beam  engine  and  two  Lancashire  boilers,  by  Lavington 

E.  Fletcher.  — Prac.    Engr.,    Dec.    13,   1895,   p.  512. 

BOILERS,   Economic    Tests   of   . 

Results  of  tests  on  Babcock  and  Wilcox  boilers,  by  Lavington  E.  Fletcher. 
—Prac.  Engr.,  Dec.  20,  1895,  p.  530. 

BOILERS   Efficiency  of   

A  criticism  on  the  present  method  of  reporting  boiler  trials.     Paper  read  by 

F.  W.  Dean,  at  the  Detroit  meeting  of  the  A.  S.  M.  E.  —Safety  Valve, 
July  15,   1895,   p.   15. 

BOILERS   Efficiency   of   

Paper,  read  at  the  Detroit  meeting  of  the  Am.  Soc.  M.  E.,  by  F.  W.  Dean. 
—Power,  July,  1895,  p.  14. 

BOILERS,  Efficiency  of   . 

Results  of  experiments  made  under  varying  rates  of  fuel  combustion  dis- 
cussed by  A.  C.  Carpenter.  Illustrated  by  diagrams.  —Power,  Dec,  1895, 
p.  16. 

BOILERS;  Experiments  on  Locomotive . 

Extensive  tests  in  France  to  determine  the  effect  of  length  and  construc- 
tion of  tubes  upon  evaporative  power  and  efficiency.  Serial,  by  M. 
Henry.  —Lon.   Engineer,  July  12,   1S95,  p43,   et  seq. 

BOILERS,   Explosions    of  . 

A  paper  by  W.  H.  Fowler,  read  before  the  Institution  of  Civil  Engineers,  in 
which  is  given  tables  showing  the  stored  energy  for  various  types  and 
sizes  of  boilers,  and  different  steam  pressure.  —Prac.  Eng.,  Oct.  4.,  1895,  et 
seq. 

BODLFRS,    Explosions    in    Kitchen   ■ . 

Experiments  showing  that  explosions  are  caused  by  a  closing  of  outlets,  the 
safety  valve  being  a  perfect  safeguard.  Boilers  heated  red  hot  and  then 
filled  with  water  do  not  explode.  —Am.  Arch.,  Jan.  26,  1895. 

BOILERS,  Explosions   of   . 

Their  causes,  with  especial  consideration  of  the  Shamokin  disaster.  John  L. 
Gill,   Jr.  — Proc.   Eng.   Club,   Phila.,  Jan.,  1895. 

BOILERS,  Explosion  of   in  France,    Statistics    of   . 

Article  by  Prof.  R.   C.   Carpentor.  —Safety  Valve,  Dec.  15,  1894. 
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BOILERS  Furnaces  for  Steam   . 

The  down  draft  furnace  for  steam  boilers,  by  W.  H.  Bryan.  Paper  read  at 
the  Detroit  meeting  of  the  A.  S.  M.  E.  —Am.  Eng.  and  R.  R.  Jour.,  Aug., 
1895.    p.    3G9. 

BOILERS,  Induced  Draft  on  Marine    . 

Paper  by  W.  A.  Martin,  read  before  the  Institution  of  Naval  Architects,  in 
which  is  given  the  results  t>f  experiments  with  forced  and  induced  draft. 
— Prac.   Engr.,   June  7,    1895. 

BOILERS,   Locomotive   . 

Efficiency  of .    Tests  by  George  Marie,    in    Prance,    showing   influence   of 

arches  in  firebox,  length  and  blast  on  combustion,  on  efficiency  of  boiler  and 
on  temperature  of  the  smokebox.  Illustrated  abstract  of  valuable  investiga- 
tions. — R.  R.  Gaz.,  Jan.  25,  1895. 

BOILERS,   Locomotive   . 

Steel  for  fireboxes  and  boiler  shells,  with  tests,  forms  and  sizes  of  tubes  and 
their  effects,  incrustation  and  system  of  boiler  feeding  and  smokebox  ar- 
rangement, and  its  effect  in  European  locomotives.  Abstract  of  Bulletin  of 
International  Railroad  Congress  Commission.  — R.  R.  Gaz.,  Jan.  11,  1S95. 

BOILERS,  Locomotive  . 

Their  power  and  efficiency,  ,/ith  especial  attention  to  the  question  of  grate 
areas.  — R.  R.   Gaz.,   March  29,   1895. 

BOILERS,  Losses  in  

And  their  causes.  Abstract  of  paper  read  by  D.  Ashworth  before  Am.  Soc. 
of  M.  E.  —Safety  Valve,  Dec.  15,  1894. 

BOILERS,  Mechanical   Stokers  for   — . 

Coal  handling  machinery  and  mechanical  stokers  for  boiler  plants.  Il- 
lustrated. —Power,    May,    1895,   p.   1. 

BOILERS;   Multitubular   . 

Study  of  means  to  increase  the  safety  of  their  use.  M.  C.  Walckenaer.  — 
Annels   des.   P.    and    C,    Vol.    VII.,  No.  4,  p.  422  (1895.) 

BOILERS,   Settings  for   . 

Illustrated  description  of  boiler  setting,  for  return  tubular  boilers,  adopt- 
ed by  the  Hartford  Steam  Boiler  Inspection  and  Insurance  Co.  —Eng. 
Mech.,  April.   1895. 

BOILERS,  Strength  of  . 

The  theory  of  the  "factor  of  end  resistance"  theoretically  and  experiment- 
ally considered.  —Eng.  Rev.,  Oct..  1S95,  p.   113. 

BOILERS,  the  Purification  of  the  Feed    W«ter   for  . 

Paper  by  Nosselt  read  before  the  Engineering  Society  of  Theeoniglu,  in 
which  various  apparatus  for  the  purification  of  the  feed-water  is  described 
and    illustrated.    A    very    interesting  study.— Ztsch.  Ver  Ing,   Aug.   17,    1895. 

BOILERS.   Types  of  Water-Tube   . 

An  illustrated  article  giving  cuts  and  short  description  of  different  forms  of 
water-tube  boilers.  — Am.   Eng.  &  R.   R.  Jour.,  April,  1895,   et  seq. 

BOILERS;    WATER   TUBE . 

Discussion  t>f  conditions  for  resisting  intense  firing,  strains  due  to  the  ex- 
pansion of  heating  tubes,  influence  of  active  circulation  on  the  transmis- 
sion of  heat;  combustion,  and  the  section  of  passage  and  length  of  travel 
of  hot  gases.    J.  A.  Normand.— Lon.  Eng.,  July  12,  1895,  p.  59. 

BORIXG,    A   Deep    . 

Use  of  Canadian  system  described,  and  its  application  through  a  depth  of 
2000  feet,  near  Freistadt,  Austria.  R.  N.  Boyd.  —Trans.  Soc.  of  Engineers, 
1894,   p.    119. 

BORIXG  MILL. 

Article  describing  a  new  boring  mill  manufactured  by  Bouhey,  in  Paris. 
Detail  drawings  accompany  the  description.  — Prktsch.  Msch,  Cnstr..  May 
23,  1895. 

BRAKE,  \ew  Form  of  Prong   . 

Illustrated    description    of    form    of  brake   devised   by    R.    C.    Carpenter.  — 
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BRAKES. 

For  testing  the  efficiency  of  motors;  and  the  various  arrangements  in  use  for 
measuring  the  power  of  motors.  An  interesting  and  very  instructive  article. 
Illustrated.  — Pr.  Msch.  Cnstr.,  Jan.  3,  1895,  et  seq. 

BRAKES,  Friction   . 

See  FRICTION  BRAKES. 

BRAKESHOES,   Tests    of  . 

Details  and  results  of  the  master  oar  builders'  laboratory  tests  of  14  shoes. 
With  diagrams.  — Eng.  News,  June  20,  1895,  p.  396;  R.  R.  Gaz.,  June  21,  1895, 
p.  405. 

BRASS    CASTINGS. 

Alloys   for  brass   and   bronze   castings.  — Prac.  Eng.,  May  10,  1895,  p.  870. 

BREAKWATERS,  Crib   . 

See  CRIB. 

BRICK. 

See    PAVING    BRICK,    PAVEMENTS,   PAVING. 

BRICK,  Hollow  . 

The  process  of  their  'iianufacture.  Illustrated.  — Sci.  Am.  Sup..  June  22, 
1895,   p.   16234. 

BRICK  Making. 

Methods  of  improving  quality.  The  use  of  brick  machines  and  work  in 
brick  kilns.     J.  W.  Crary,  Sr.  —Clay  W.,  Feb.,  1895. 

BRIDGE. 

Gaspee  Street ,  Providence,  R.  I.  Conditions,  abutments  and  steel  con- 
struction of  this  bridge,  carrying  twelve  tracks.  The  23  box  girders  are 
supported  by  columns  and  carry  a  novel  corrugated  floor.  Fully  illustrated. 
—Eng.  Rec,  Jan.  19,  1895. 

BRIDGE. 

Lange ,  Berlin .  A  series  of  articles,  very  fully  and  handsomely  illus- 
trated, describing  the  rebuilding  of  this  historical  structure.  —Deutsche 
Bztg.,  Dec.  15,  1895,  et  seq. 

BRIDGE. 

Nebraska  City ,  designed  by  G.  S.  Morison.  General  and  detailed  illus- 
trated description  of  the  site  and  of  the  substructure  and  superstructure. 
—Lon.  Eng.,  Jan.  11,  1895. 

BRIDGE    Across   the   Rhine   at  Bonn. 

An  article  by  A.  Zschetzche,  describing  the  various  designs  submitted  In 
competition  for  this  new  bridge.  The  artic  e  is  well  illustrated  and  showa 
very  handsome  designs  and  also  very  inters  i  lng  details.  — Ztsch.  Ver.  Ing., 
March  30,  1895,  et  seq. 

BRIDGE,  a  Melan-Arch  Railway . 

Span  56  ft.;  rise  9%  ft.  Details  of  structure  now  being  erected  at  Detroit, 
Mich.    Illustrated.— Eng.    Rec,    Sept.  28,  1895,  p.  309. 

BRIDGE;  A  Temporary  Highway . 

Drawbridge  of  23  ft.  span  of  economical  and  efficient  construction.  Gen- 
eral plans.    Illustrated.    C.   E.   Burroughs.  —Eng.  Rec,  Aug.  10.  1895,  p.  184. 

BRIDGE   at  Dirschan,  Prussia. 

Building  of  the  new  metal  railway  bridge  alongside  the  old  bridge,  which 
has  been  converted  into  a  highway  bridge.  Fully  illustrated.  Lon.  Engineer. 
Dec.  6,  1895,  p.  551. 

BRIDGE  at  Johnsonville,  Tenn. 

Previous  bridges  across  the  Tennessee  River  at  this  place  and  the  final 
building  of  the  present  structure  at  the  site.  Construction  and  cost  of 
the  substructure  and  superstructure.  Hunter  McDonald.  Discussion,  cor- 
respondence   and    illustrations.  —Trans.  A.  S.  C.  E.,  March,  1895,  pp.  171-189. 

BRIDGE.  Concrete    ■ . 

Now  being  constructed  over  the  Mary  River  at  Maryborough,  Queens- 
land.   Eleven  spans  of  50  feet  each,    rise  of  each  arch  4  feet,  thickness  at 
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crown  15  inches,  thickness  at  haunches  5  feet  3  inches,  width  22  feet  8 
inches.  Embedded  in  the  concrete  arches  are  skeleton  steel  railway  rails. 
Fully  illustrated.  — Lon.   Engineer,    May  10,  1895,  p.  398. 

BRIDGE,  Concrete  Arcli  . 

A  Melan  arch  of  100  ft.  span  over  the  Housatonic  River  at  Stockbridge, 
Mass.     Illustrated.     Fr.  Von  Emperger.  — Eng.  News,  Nov.  7,  1895,  p.  306. 

BRIDGE  Deflections . 

Experiments  to  determine  the  effect  of  moving  loads  in  producing  strains, 
and  tending  to  show  the  efficiency  of  present  design,  and  that  the  effect 
fcf  impact  in  truss  members  is  generally  inconsiderable.  Prof.  Malverd  A. 
Howe.  —Jour.   Ass'n  Eng.   Socs.    Vol.  xiv,  No.  6,  p.  513,  1895. 

BRIDGE,   Delaware  River 

The  new  bridge  of  the  Pennsylvania  R.  R.  at  Philadelphia.  Three  main 
spans  of  533  feet  length  and  one  draw  span  of  330  feet.  Illustrated. 
Characteristic    features   of   the    specifications.  — R.   R.   Gaz.,  April  5,   1895. 

BRIDGE  Design. 

True  economy  in  proportioning  depth  of  truss,  length  of  span  and  other 
details.  Useful  discussion,  by  J.  A.  L.  Waddell.  —Eng.  News,  Sept.  19, 
1895,   p.    179. 

BRIDGE;  Double  Swing- . 

Specially  designed  for  narrow  channel  to  give  an  unobstructed  waterway 
and  permitting  both  pivot  piers  to  be  at  the  harbor  lines.  Recent  construc- 
tion   at   Cleveland,    Ohio.    Illustrated.  — Eng.  News,  Aug.  8,  1895,  p.  82. 

BRIDGE,   Expansion  Bearings  for   Superstructures. 

By  Geo.    S.   Morison.    Trans.    A.    S.  M.  E.,  Vol.  XV. 

BRIDGE,  Floating  , 

Across  the  Diena  at  Riga.  A  well  illustrated  article  by  A.  Agthe,  describ- 
ing a  very  peculiar  form  of  bridge  necessitated  by  the  condition  of  the  river 
to  be  crossed.  — Ztsch.  Ver.  Ing.,  Jan.  12,  1895. 

BRIDGE  Floor  of  Concrete  and  Wire. 

Details  of  construction  of  Lincoln  Park  bridge,  Chicago.  Illustrated. 
—Eng.    News,   April  4,    1S95. 

BRIDGE,    Highway   Across   the    Schuylkill. 

Description,  with  insert  plates,  of  the  City  Avenue  Bridge  at  Philadel- 
phia, Pa.  —Jour.  Frank.  Inst.,  April,   1895. 

BRIDGE,    King   Charles  at    Stuttgart. 

An  article  by  Leibbrand  describing  this  new  highway  bridge,  especially  the 
interesting  problems  encountered  in  getting  the  foundation  for  the  piers. 
Well   illustrated.  —Ztsch   Ver  Ing.,  Feb.  9,  1895. 

BRIDGE,  Lift  . 

The  Halsted  street  bridge,  Chicago.  History,  general  and  detailed  descrip- 
tion of  the  trussed  span,  towers  and  lifting  machinery  of  this  novel  bridge. 
By  J.  A.  L.  Waddell.  Fully  illustrated.  Extended  discussion  and  corre- 
spondence. —Trans.  A.  S.  C.  E.,  Jan.,  1895. 

BRIDGE.  Masonry  Arch   . 

Short  description  of  the  Pruth  bridge  at  Jaremcze,  Austria,  of  213-foot 
span.  — R.  R.  Gaz.,   May  17,  1895,  p.   308. 

BRIDGE,   Melan   Arch . 

Span  70  ft.;  rise  10  ft.  Higbway  bridge  in  Eden  Park,  Cincinnati,  Ohio. 
Illustrated.— Eng.  News,   Oct.  3,   1895,  p.  214. 

BRIDGE,  North  River 

General  specifications  for  the  proposed  3100  ft.  span  suspension  bridge  at 
New  York  City.  Loads,  allowed  unit  strains,  materials,  details  of  construc- 
tion and  general  items.  —Eng.  News,  March  7,  1895.  R.  R.  Gaz.,  March  8, 
1895.    Eng.  Rec,  March  16,  1895. 

BRIDGE    Over   the   Rhine  at   Bonn. 

First  prize  design  recently  submitted,  providing  for  a  main  span  of  640  ft. 
Illustrated.  —Eng.    News,    Aug.   8,    1895,  p.  85. 
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BRIDGE:    PIER,   Underpinning   a   .  ~' 

Method  used  to  strengthen  the  foundation  of  the  Hammersmith  bridge, 
London,   England.  — Eng.  Rec,  June  15,  1895,  p.  40. 

BRIDGE  Piers. 

The  cylindrical  piers  composed  of  metal  exterior  and  concrete  filling  as 
used  in  New  Zealand.  Method  of  construction.  H.  W.  Young  and  W.  C. 
Edwards— Proc.   Inst.,    C.    E.,   Vol.  CXXII,  p.  283  (1895). 

BRIDGE,  Plate  Girder  Swing'   . 

Pour-track  plate  girder  bridge,  176  feet  in  length,  constructed  over  the 
Bronx  river,  New  York  City,  by  the  N.  Y.,  N.  H.  &  H.  R.  R.  —Eng.  News, 
Jan.  3,  1895. 

BRIDGE;  Reconstruction  of  the  Pittsburg,  Pa.,  Sixth  street  . 

The  wooden  bridge  of  eighty  years  ago,  the  suspension  bridge  built  later, 
and  the  new  truss  bridge  now  occupying  the  site.  Illustrated.  W.  G.  Wil- 
kins.— Proc.   Eng.   Soc.  W.   Pa..  Vol.  XI,  No.  5,  pp.  143-167  (1895). 

BRIDGE,  Rolling  Lift   . 

The  Van  Buren  street  bridge  at  Chicago.  Its  peculiarities,  electric  opera- 
ting  machinery   and    details.    Illustrated.  —St.  Ry.  Rev.,  March,  1S95. 

BRIDGE,   Rolling  Lifting   . 

The  Van  Buren  street  at   Chicago;   its  peculiarities;   electric  operating 

machinery  and  details.  Illustrated.  —Eng.  Rec,  Feb.  16,  1895.  St.  Ry. 
Gaz.,   Feb.   16,   1895.     R.   R.   Gaz.,   Feb.  15,  1895.     Eng.  News,  Feb.  21,  1895. 

BRIDGE;    Sixteenth    St.,    Lift,   .Milwaukee,  Wis. 

Novel  designs  of  this  new  bridge.  Main  girders  carrying  floor  are  hori- 
zontal and  supported  by  a  swinging  strut  near  one  end  and  by  rollers  near 
the  other  end.  These  girders  and  the  strut  lift  to  open  the  bridge,  the  cen- 
tre of  gravity  moving  horizontally.  Illustrated  By  John  Geist.  —Eng. 
News,  March  7,  1895.  Eng.  Rec,  March  9,  1895. 
Trans.  A.  S.  M.  E.,  Vol.  XV. 

BRIDGE;  Sixteenth  Street  Lift   ,    Milwaukee,  Wis. 

Novel  design  of  this  new  bridge.  Main  girders  carrying  floor  are  horizon- 
tal and  supported  by  a  swinging  strut  near  one  end  and  by  rollers  near 
the  other  end.  These  girders  and  the  strut  lift  to  open  the  bridge,  the  cen- 
ter of  gravity  moving  horizontally.  Illustrated.— R.  R.  Gaz.,  Oct.  1,  1895, 
p.  649. 

BRIDGE     Specifications. 

Those  for  1S95  for  the  Union  Pacific  system.  —Eng.  Rec,  Nov.  16,  1895,  p. 
436. 

BRIDGE  Specifications. 

Those  for  the  Phoenix  Bridge  Company.  —Eng.  Rec,  Nov.  23,  1895,  p.  453. 

BRIDGE  Stresses. 

Calculation  by  means  of  two  excess  loads— one  at  the  head  of  the  train 
and  the  other  following.  Lengthy  discussion  of  the  method  and  results. 
Ed.    Collignon.— Annales    des    P.    &  C,  Vol.  7,  No.  7,  pp.  5-76  (1895). 

BRIDGE;     Suspension . 

Prize  designs  for  a  stiffened  suspension  structure  at  Buda  Pesth.  Illus- 
trated.— Lon.    Engineer,   Aug.   2,    1895,  p.  106;  Eng.  Rec,  Aug.  24,  1895,  p.  219. 

BRIDGE:     Suspension   . 

Repairing  a  damaged  pier  of  the  Fitzroy  bridge  at  Rockhampton,  Queens- 
land. Illustrated.  A.  B.  Brady.— Proc.  Inst.,  C.  E.,  Arol.  CXXI,  p.  195- 
(1S95). 

BRIDGE;  Suspension 

The  prize  design  for  a  stiffened  suspension  structure  at  Buda  Pesth.  Il- 
lustrated. —Lon.   Engineer,   Aug.  2.   1S95,  p.  106. 

BRIDGE,   Swinging   Foot   . 

A  novel  temporary  structure  in  San  Francisco  for  use  during  repairs  to  the 
regular    bridge.    Illustrated.  — Eng.  News.  Jan.  24,  1895. 
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BRIDGE},  The  Bellefontaine  . 

Full  description  of  both  substructure  and  superstructure  of  this  important 
bridge.      Illustrated    serial.  — Lon.    Eng.,  Sept.  6,   1895,  p.  296,  et.  seq. 

BRIDGE,   The   Hudson   River 

General  statement  of  character  of  plans  prepared  by  Mr.  McDonald  and 
formally  accepted  by  the  i  ridge  commission.  — R.  R.  Gaz..  June  7,  "895,  p. 
35S;  Eng.  Rec,  Jure  8,   i895,  p.  20. 

BRIDGE,  The  Lake  Street,  Minneapolis,   Metal   Arch   . 

General  plans,  with  details  of  viaduct,  approaches,  towers  and  arch  trusses. 
Well  illustrated.  — Eng.  Rec,  Dec.  7,  1895,  p.  5. 

BRIDGE,    The    Life    of   an    Iron    Railroad  . 

Dependent  on  its  loadings  and  protection  from  corrosion  (as  well  as  on  its 
design),  Loads  may  exceed  those  assumed  in  design  perhaps  80  or  90  per 
cent,  as  a  limit  consistent  with  safety.  With  discussion.  J.  E.  Greiner.  — 
Trans.  A.  S.  C.  E.,  Vol.  XXXIV.,  No.  4,  pp.  294-346  (1895). 

BRIDGE;  the  New  Papahgni  . 

Fifteen    spans   of    140   feet   each.  Construction    of  abutments   and    spans   of 

this  new  Indian  structure.  H.  J.  Thompson. — Proc.  Inst.,  C.  E.,  Vol.  CXXII, 
p.   187  (1895). 

BRIDGE,    The    Troy,    N.    Y.,    Spring   Avenue  . 

Deck  plate  girder  of  96-foot  span  on  38%  degree  skew,  with  36-foot  road- 
way and  12-foot  sidewalks  on  each  side,  and  buckle-plate  floor  system.  Il- 
lustrated. —Eng.  Rec,  Nov.  30,  1895,  p.  471. 

BRIDGE   Transportation. 

Method  used  for  shipping  a  65,000-lb.  bridge,  90  feet  long  completely  erec- 
ted, as  loaded  on  three  cars.  Illustrated.  — Eng.  News,  June  13,  1895,  p. 
3S3. 

BRIDGE.  Trestle   . 

Standard  form  of  the  Elkhart  and  Western  R.  R.  Illustrated.  —Eng. 
News,  May  2,  1895,  p.  295. 

BRIDGE.  Widening  a  Stone  Arch  . 

Method  devised  for  a  Minneapolis  bridge  to  double  the  width  and  traffic  ca- 
pacity by  floor  supported  by  longitudinal  plate  girders  supported  by  steel 
brackets  projecting  from  the  face  of  the  masonry.  Illustrated.  —Eng.  Rec, 
Nov.  23,  1895,  p.  454. 

BRIDGE   WORKS. 

Rules  for  draughting  room  work  discussed  at  length.  Chas.  H.  Wright.  — 
Eng.  News,  Feb.  7,  1895. 

BRIDGES. 

See   ENGINEERING   STRUCTURES. 

BRIDGES. 

See  IRON,  IRON  AND  STEED,  PAINTS,  PIER,  RUSTLESS  COATINGS, 
STEEL,  STRESS,  TIMBERS,  TRUSSES,  VIADUCT,  WIND,  WIND  BRAC- 
ING,   WIND    PRESSURE,    ENGINEERING   STRUCTURES. 

BRIDGES,  Calculation  of  Stresses  in   Metal  . 

Abutment  reactions,  shears  and  bending  moments,  with  extensive  tables,  giv- 
ing values  for  different  loadings  and  lengths  of  panels  and  trusses.  — Annales 
des  P.  &  C,  Vol.  7.  No.   8,   pp.   117-247  (1895). 

BRIDGES,   Country  Road   . 

General  considerations  and  suggestions.  C.  C.  Wentworth.  —Jour.  Assn. 
Eng.    Socs.,    March,    1895. 

BRIDGES,  Design  of  Stone    . 

General  architectural  considerations,  with  especial  reference  to  the  bridges 
of  London.    H.   H.  Stratham.  —Eng.  Rec,  May  18,  1895,  p.  436. 

BRIDGES,  English  Railroad  . 

Their  design,  including  determining  line  and  dead  loads,  dimensioning, 
specifications  and  tests,  with  examples  cited.  Serial  by  Walter  Beer.  — 
Eng.  Rev.,  Oct.,  1895,  p.  114,  et    seq. 
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BRIDGES;  Expansion  Bearings   for  . 

Modified  bearing  as  designed  by  Geo.  S.  Morison.  Illustrated.—  Eng.  Rec, 
July  6,  1895,  p.  93. 

BRIDGES,  Field  Inspection  of  . 

Details  to  be  considered  in  bridge  erection.        Harold    Jeans.  — R.     R.     Gaz., 
April   5,    1895. 
BRIDGES   of   Steel   Rails. 

Standard  construction  of  the  B.  &  O.  R.  R.  for  highway  bridges  constructed 
of  old  steel  rails.    Details  illustrated.  — Bng.  News.,  Nov.  28,  1895,  p.  365. 

BRIDGES,  Painting  Iron  Railroad . 

Discussion  of  different  classes  of  suitable  paints,  and  their  composition, 
cost  and  essential  elements  and  conditions  for  securing  good  results.  Ex- 
tended investigation,  resulting  in  the  recommendation  of  red  lead  for  the 
priming    coat.    Walter   G.    Berg.  — Eng.  News,  June  6,  1895.  p.  370. 

BRIDGES,    Small  . 

Complete  illustrated  description  of  designs  of  two  recent  bridges  of  the  Bal- 
timore and  Ohio  R.  R.,  with  extracts  from  specifications.  — R.  R.  Gaz.,  Jan. 
18,  1895. 

BRIDGES;  Specifications  for  . 

Recent  publication  of  the  specifications  of  the  Pencoyd  Iron  "Works,  pre- 
pared by  C.  C.  Schneider;  including  general  items,  proportions  of  parts,  de- 
scription, details  of  construction,  workmanship,  material  and  painting. 
With  tables.  —Also  given  as  a  serial  In  Eng.  Rec,  July  13,  1895,  p.  114,  et 
seq. 

BRIDGES,  Soft  Steel  for   . 

See    STEEL. 

BRIDGES,  Solid  Floors  for  Railroad 

Their  advantages  and  merits,  and  the  calculation  of  their  stresses.  Illus- 
trated. Henry  Goldmark.  —Jour.  Ass'n  Eng.  Socs.,  Vol.  XV.,  No.  2.  p.  69-82 
(1895). 

BRIDGES,   Strains   in . 

Their  determination  by  automatic  recording  attachment  to  different  bridge 
members.  Description  of  apparatus  and  interesting  and  valuable  data  se- 
cured. With  illustrations  and  diagrams.  J.  J.  Hankenson  and  W.  H.  Ledger. 
—Eng.  News,  May  9,  1895,  pp.  300-303. 

BRIDGES;    Strength    of  . 

Paper  by  Fr.  Engesser,  in  which  the  resistance  of  truss  bridges  against 
buckling  is  treated  in  a  systematic  and  thorough  manner.— Ztsch.  Vering, 
Aug.  24,   1895. 

BRIDGES;    Suspension  . 

General  principles  given  in  a  lecture  to  the  students  of  Rensselaer  Poly- 
technic  Institute   by   L.    L.    Buck.— Eng.  Rec,  Sept.  5,  1895,  p.  330,  et  seq. 

BRIDGES,  Suspension   . 

General  principles  given  in  lecture  to  the  students  of  Renssalaer  Polytech- 
nic Institute,  by  L.  L.  Buck.  —The  Polytechnic,  Vol.  XII,   No.  1,  p.  3  (1895). 

BRIDGES,  Swing   . 

The  hydraulic  swing  bridges,  constructed  across  the  new  North  Sea-Baltic 
ship  canal.  Illustratec".  — Sci.  Am.  Sup.,  Sept.  21,  1895,  p.  16,446.  Lon.  Eng., 
Aug.  23,   1895,  p.  234. 

BRIDGES,  Thames  . 

General  description,  at  length,  of  the  28  bridges  near  the  English  metro- 
polis. —Lon.   Eng.,  Jan.  4,  1895,  et  seq. 

BRIDGES,   The  Erection   of  . 

Different  methods  and  their  applicability,  by  Chas.  H.  Wright.  Illustrated. 
—Eng.   News,   April  25,  1S95. 

BRIDGES,  The  Reactions  of  Partially  Continnons  Draw  . 

theoretical  derivation  of  their  values  fully  given.  With  diagrams.  Prof. 
Mansfield  Merriman.  —Eng.  News,  Sept.  5,  1895.  p.  150.  R.  R.  Gaz.,  Sept.  6, 
1895.   p.   585. 
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BRIDGES;   Wooden 

Their  extensive  use  on  the  Boston  and  Maine  R.R.  Methods  and  details  of 
construction  of  the  different  types,  trestles,  stringers,  pony  trusses,  Queen 
posts,  Howe  and  Town  trusses.  Illustrated.  J.  Parker  Snow.  —Jour.  Ass'n 
Eng.    Socs.    Vol.   xv,    No.    1,   p.    31,  1S95. 

BUILDING    Construction. 

See  WIND  BRACING. 

BUILDING    CONSTRUCTION. 

See  ACOUSTICS,  ARCHITECTURE,  CONCRETE,  FIREPROOPING,  MO- 
MENT OF  INERTIA,  ROOF,  ROLLED  BEAMS,  RUSTLESS  COATINGS, 
STEEL,  STONE,  TESTS,  THEATRES,  TIMBER,  UNDERPINNING,  VEN- 
TILATION, WIND,  WIND  BRACING,  WIND  PRESSURE,  IRON, 
FLOORS. 

BUILDING    CONSTRUCTION. 

The  improved  steel  column  and  girder  construction  of  the  Havemeyer 
Building,     New    York.    Illustrated.  — Eng.  Rec.  June  15,  1895,  p.  43. 

BUILDING  CONSTRUCTION. 

The  Manhattan  Life  Building  In  New  York  city  and  its  quick  construction. 
Foundation  piers  sunk  57  ft.  to  solid  rock,  and  foundation  completed  with- 
in 6  months  and  super-structure  in  8  months.  Fully  illustrated.  Francis 
H.  Kimball.  —Eng.  Mag.,  Feb.,  1895. 

BUILDING  CONSTRUCTION,  Austrian   Floor  Tests. 

Synoposis  of  tests  and  results  on  Monier,  concrete,  brick,  hollow  brick,  corru- 
gated iron  and  Melan  arches.  —Eng.  mag.,  Vol.  X,   No.  2,  pp.  302-304  (1895). 

BUILDING  CONSTRUCTION,  Concrete    and  Wire  Floor. 

The  metropolitan  system.  Its  principle,  and  results  of  tests.  —Eng.  News, 
Nov.  14,   1895,  p.  333. 

BUILDING  CONSTRUCTION,  Failure  in    . 

The  collapse  of  the  Ireland  Building,  New  York  city.  —Eng.  News,  Aug.  15, 
22  and  29,  1S95.     Eng.  Rec,  Aug.  31,  1895,   p.  244. 

BUILDING   CONSTRUCTION;  Failure    of  Cast  Iron  Columns  in . 

The  recent  New  York  City   catastrophe.  —Eng.  News,  Aug.  15,   1895,  p.  111. 

BUILDING  CONSTRUCTION  in  Chicago   . 

General  features  of  the  Marquette,  Reliance,  Fort  Dearborn,  Steinway  Hall, 
Atwood  and  Fisher  buildings.    Illustrated.— Eng.  News,  Oct.  17,  1895,  p.  250. 

BUILDING  CONSTRUCTION,  Iron  in   . 

Its  durability  discussed.  Causes  affecting  and  methods  of  increasing  its  life. 
— Proc.    Eng.    Club,    Phila.,   Vol.   XII,   No.  3,  p.  255  (1895). 

BUILDING  CONSTRUCTION.  Steel  Frame  . 

Cage  construction,  its  difficulties  and  dangers,  and  suggested  remedies. 
Synopsis   of  address  by  Geo.   B.    Post.  —Eng.  Rec,  June  15,  1895,  p.  44. 

BUILDING  CONSTRUCTION,  Steel  in   . 

See  STEEL. 

BUILDING  CONSTRUCTION,  Tests  of  Floor  Arches. 

Terra  cotta  floor  arches  of  11  ft.  6  in.  and  15  ft.  4  In.  Details  of  tests  and 
results.     Illustrated.     Gunvald  Aus.  —Eng.  News.,  Nov.  Nov.  7,  1895,  p.  314. 

BUILDING   CONSTRUCTION;  Wire  and  Concrete  . 

The  Roebling  system  for  floors  and  walls.  Particulars  and  details.  Illus- 
trated.   —Eng.  News,  July  18,   1895,  p.  45. 

BUILDING   ERECTION,  Regulations    Governing  . 

Adapted  to  cities  having  a  population  of  from  10,000  to  30,000  and  adopted 
by  Roanoke,  Va.  —Jour.  Assn.  Eng.  Socs.,    March,    1895. 

BUILDINGS  of  the  Institution  of  Civil   Engineers. 

See  CIVIL  ENGINEERS. 

BUILDINGS,   Steel  . 

Construction  of .  Its  history,  its  radical  departure  from  previous  meth- 
ods,  the   problems   involved,    the   relation    of    architects    and    engineers    to 
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each  other  and  the  importance  of  knowledge  of  construction  to  engineers. 
Lecture  at  University  of  Wisconsin  by  C.  T.  Purdy.  —Bulletin,  University 
of  Wis.,    1894,    No.    3. 

BUILDINGS,  Steel  in  . 

The  construction  of  large  buildings  and  the  special  adaptability  and  econ- 
omy of  the  steel  skeleton  type.  Address  of  C.  T.  Purdy  before  Boston 
Society    of    Civil    Engineers.    — Eng.  Rec,  Feb.   16,  1895,    et.  seq.   (Abstract.) 

BUILDING    STONE,    Testing   . 

Resume  of  current  methods  of  physical,  chemical  and  microscopic  tests, 
by  F.  Lynwood  Garrison.  —Stone,   Feb.,  1895. 

BUILDING   STONES,   Relative   Effects   of  Frost  and  Sulphate  of  Soda  Tests 
on   . 

The  effect  of  the  latter  much  more  marked.  Tests,  methods  and  conclusions. 
Lea  Mel.  Luquer.  With  discussion,  correspondence  and  diagrams.  —Trans, 
A.  S.  C.  E.,  March,  1895,  pp.  235-256. 

CABLE,  Power  Station. 

Illustration  and  description  of  the  Sixty-fifth  street  power  station  of  the 
Third  avenue  cable  road,   New  York.  — Power,   Dec,  1894. 

CABLE   RAILWAY. 

See  ELECTRIC  RAILWAY,  INCLINE  RAILWAY,  RAILROADS,  STREET 
RAILWAY. 

CABLE  RAILWAY  in  Washington,  D.  C. 

Car  and  power  houses,  track  construction,  underground  work  and  rolling 
stock  of  the  Columbia  Railway  Co.    Illustrated.  —St.  Ry.  Rev.,  March,  1895. 

CABLE  RAILWAY;   the   Stauzerhorn . 

Track,  rolling  stock  and  electric  power  equipment  of  this  Swiss  mountain 
railway.    S.  J.   Berg.— Proc.  Inst.,   C.  E.,  Vol.  CXX,  p.  11  (1895). 

CABLE   RAILWAY  TUNNEL. 

Construction  of  the  Twenty-first  street  tunnel  or  conduit  of  the  Chicago 
City    Railway    Co.    Illustrated.  —St.  Ry.  Jour.,  March,  1895. 

CABLE  RAILWAYS  of  the  World. 

Table  containing  general  data  of  55  lines,  with  short  description  of  the 
most   important.— Eng.    News,    Oct.  10,   1895,  p.  245. 

CABLE,  Transportation . 

See    TRANSPORTATION. 

CABLE,  Transporting  and  Handling   a  Sixty  Ton   . 

Total  load  77  tons,  drawn  two  miles  through  the  New  York  streets  by  42 
horses  on  truck  of  12-inch  tire  and  6-inch  axle.  Details  of  moving  and 
handling. —Eng.    Rec,    Jan.    5,    1895. 

CABLES. 

See  CONDUIT,  ELECTRIC  RAILWAY. 

CABLES    for    Street    Railways. 

Construction  and  strength  of by  R.    J.    McCarthy.    Illustrated.  —St.    Rj 

Jour.,  April,   1895. 

CABLES   for   Street   Railways. 

Illustrated.  —St.     Ry.     Jour.,     June,  1895,   p.  377. 

CABLES,  the  Malting  and  Laying  of   Underground  . 

Description  of  the  drawing,  tinning,  stranding  and  insulation  of  the  wire, 
the  taping  machine,  vulcanizing  and  covering,  and  the  laying  of  under- 
ground cables.  Extensively  illustrated.  Wm.  Maver,  Jr.  — Elec  World, 
Jan.    19.    1895. 

CABLEWAYS:  the  Ledgerwood  Traveling 

Details  of  their  use  on  the  Chicago  Main  Drainage  Channel.  Illustrated. 
Eng.  News,  July  25.  1895,  p.  62. 

CALORIMETER  Coal   . 

A  new  calorimeter  for  determining  the  heating  value  of  coals,  by  R.  C. 
Carpenter.  Illustrated.  Paper  read  at  the  Detroit  meeting,  A.  S.  M.  E.  — 
Power,  July,  1895,  p.  14. 
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CALORIMETER,    Coal    — . 

A  new  calorimeter  for  determining  the  heating  value  of  Coal,  by  R.  C.  Carp- 
enter.    Illustrated.  —Am.  Mach..  Oct.  31,  1895,  p.  870. 
CALORIMETER;   Tlie   Berthelot-Mahler •  • 

Its  use  and  errors  in  determining  the  calorific  power  of  fuels.  Prof.  A.  M. 
Mayer.— Stevens'   Indicator,  Vol.  XII,  No.  2,  p.  133  (1895). 

t  ALORIMETER,   Throttling   . 

Results   of  experiments    to   test   the  accuracy     of     small     throttling     calori- 
meters.   Paper    presented    by    D.    S.  Jacobus  to  Am.   Soc.  of  M.  E.  —Power, 
Jan..    1895. 
CALORIMETERS  for  Determining-  the  Moisture  in  Steam. 

Article  in  which  several  of  the  most  modern  instruments  for  this  purpose 
are  described  and  illustrated.—  Ztseh.  Ver.  Ing.,  Aug.  31,  1895. 

CALORIMETERS;   Small  Throttling  . 

Results  of  tests  of  these  calorimeters  to  determine  their  accuracy.  Prof. 
D.    S.   Jacobus.  —Stevens'  Indicator,  Vol.  XII,  No.  2,  p.  177  (1895). 

CANAL. 

See  ELECTRIC  LIGHTING,  EXCAVATION,  LOCK,  MASONRY,  RESER- 
VOIR,    SHIP    CANALS,     SILTING. 

CANAL  BOAT  Haulage. 

The  Lamb  electric  cable-way  for—  Illustrated.  — Elec.  Engr.,  March  13, 
1895. 

CANAL  BOAT  Propulsion. 

Description  of  twin  screw  propellers  with  adjustable  immersion,  fitted  on 
canal  boats.    Henry   Barcroft.  — Proc.  Inst.  Mech.  Engs.,   July,  1894. 

CANAL   Boat,  Traction . 

Plans  of  Geo.  Cowley  to  tow  boats  by  means  of  motors  suspended  from  an 
elevated     track.    Illustrated.  — Lon.  Engineer,  Aug.  2,  1895,  p.  109. 

CANAL  BOAT  TRACTION. 

The  De  Bovet  system  of  electric Illustrated.  —Elec.    Eng.,    May   1,    1895, 

p.   389. 

CANAL,  Electric  Lighting  of  the  North   Sea-Baltic   . 

See  ELECTRIC  LIGHTING. 

CANAL  Lock. 

See  LOCK. 

CANAL  LOCKS. 

The  Illinois  and  Mississippi  Canal  lock  works  extensively  illustrated  and 
described.  The  extensive  use  of  concrete  construction  considered.  Long  and 
valuable  article.   —Eng.   News,  Feb.  14.  1895. 

CANAL  LOCKS,  The  North  Baltic   . 

Concrete  foundation,  masonry  walls  and  machine-worked  gates  of  tha 
locks     at     Holtenau.    Illustrated.  —Eng.  Rec,  April  27,  1895. 

CANAL,  North  Sea  and  Baltic   . 

Well    illustrated.  —Deutsche    Bztg.,  March  2,  1895,  et  seq. 

CANAL,  The  Chicago  Sanitary  District   . 

First  paper  of  the  series,  giving  an  introductory  and  general  statement  ol 
its  purposes,  route  and  control  by  legislation  and  the  administrative  board. 
By  Isham   Randolph,    chief   engineer.  —Jour.   Assn.  Eng.  Socs.,   March,   1895. 

CANAL;   the   Chicago    Sanitary  District . 

Fourth  paper  giving  a  description  of  the  work  and  methods  of  construc- 
tion on  the  Summit  Division,  comprising  sections  C,  D,  E,  F,  G  and  H. 
Illustrated.  E.  R.  Shnable— Jour.  Ass'n  Eng.  Socs.  Vol.  xiv,  No.  6.  p.  461, 
1895. 

CANAL,  The   Chicago   Sanitary  District   . 

Third  paper  of  the  series,  giving  description  of  the  work  and  methods  of 
construction  of  the  Brighton  Division.  Extensive  excavating  by  steam 
shovels  and  dredges.  Illustrated.  Alex.  E.  Kastl.  —Jour.  Assn.  Eng.  Socs., 
April,  1895,  p.  313. 
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CANAL;  the  Corinth    . 

History  of  works  and  the  inception  and  completion  of  the  recent  project. 
Details  of  its  construction.  Illustrated  serial.— Lon.  Eng.,  Oct.  4,  1895,  p. 
411,  et  seq. 

CANAL,,  The  Harlem  River   Ship   . 

History  of  project  and  construction  of  this  canal  of  18  ft.  depth,  recently 
opened.  Illustrated.  — Sci.  Am.  Sup.,  June  15,  1895,  p.  16.216;  Eng.  News, 
June  20,  1895,  p.  399. 

CANALi,  The  Illinois  and  Mississippi   . 

Progress  of  work,  and  concrete  construction  of  locks  in  detail.  Illustrated. 
—Report  of  Chief  of  Engineers,   U.  S.  A.,  1894,  p.  2172. 

CANAL,   The   Jonage   . 

The  canal  for  furnishing  power  for  Lyons,  France,  by  using  water  from  the 

Rhone,  and  also  designed  to  incidentally  improve  its  navigation.  Illus- 
trated. —Lon.    Engineer,    June   7,    1895,   p.  484. 

CANAL,  The  North  Sea  and  Baltic . 

History  and  some  Of  the  most  interesting  features  of  this  canal,  now 
completed.  Width  at  water  surface,  197  ft.,  and  at  bottom,  72  ft.;  depth, 
29y2  ft.  Illustrated. —Eng.  News,  June  20,  1895,  p.  398;  Eng.  Rec,  June  1, 
1895,  p.  3;  Lon.  Eng.,  May  31,  1895,  p.  685,  et  seq.;  Lon.  Engineer,  June  14, 
1895,  p.  503. 

CANAL,  The  Nicaragua   . 

A  short  description  of  the  proposed  line  of  the  canal,  by  G.  W.  Sherwood. 
—Jour.  Prank.  Inst.,  June,  1895. 

CANAL,  The  Santa  Ana   . 

The  location,  design,  construction  and  cost  of  this  canal  of  the  Bear  Valley 
Irrigation  Company  in  San  Bernardino  county  .California,  so  far  as  finished 
for  use.  With  maps  and  illustrations.  Thorough  and  valuable  description 
of  this  important  work  by  William  Ham.  Hall,  chief  engineer.  —Trans.  A. 
S.  C.  E.,  Vol.  XXXIII,  No.  2,  pp.  61-170  (1895). 

CANAL;  the   Seattle  . 

To  connect  Lake  Washington  with  Puget  Sound.  Also  the  plans  for  land 
reclamation  connected  with  the  same  enterprise.  Illustrated.— Eng.  Rec, 
Oct.  19,  1895,  p.  363. 

CAR   Dumping    Machine. 

The  cylindrical  device  takes  a  coal  car  and  bodily  rolls  it  over,  dumping 
its  contents.  Lately  erected  at  Cleveland  under  the  Long  patent.  Illus- 
trated.—R.  R.  Gaz.,  Oct.  11,  1895,  p.  666. 

CAR  DUMPING   Machine. 

The  cylindrical  device  takes  a  coal  car  and  bodily  rolls  it  over,  dumping  Its 
contents.  Lately  erected  at  Cleveland  under  the  Long  patent.  Illustrated. 
— E.  &  M.  Jour.,  Nov.  9,  1895,  p.  444. 

CAR  Ferries. 

Some  of  the  longer  and  most  important  of  the  U.  S.  — R.  R.  Gaz.,  Nov.  1, 
1895,    p.    724. 

CAR   PERRY   Transfer   Aprons. 

Their  reconstruction  at  Port  Costa  and    Benicia,    Cal.      Plans    and    details. 
Illustrated.    John  B.  Leonard.  —Jour.  Assn.  Eng.   Sees.,  Vol.  XV,  No.  5,  p. 
173  (1895). 
CAR  Heating. 

Recent  progress,  especially  on  the  line  of  heating  cars  from  the  locomotive. 
J.    C.    McMynn.    With   discussion.  —Eng.  News,  June  13,  1895,  p.  389. 

CAR,    Long   Body    Plat   . 

Length,  41  ft. ;  weight,  23,700  lbs. ;  capacity,  30  tons.  Particulars  of  the  Can- 
da  car.    Illustrated.  — R.   R.   Gaz.,   June  7,  1895,  p.  363. 

CAR,   Ore  and  Coal   . 

70,0001b.  hopper-bottom  car  of  the  Pennsylvania  lines.  Interesting  details  of 
construction  of  this  high  capacity  car.  Illustrated.  —Eng.  News,  June  6, 
1895,  p.  362. 
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OAR,  the  Page  . 

New  dump  car,  having  six  compartments,  which  can  be  dumped  in  pairs 
or  singly.  Useful  in  ballasting,  grading  or  similar  work.  — R.  R.  Gaz., 
Jan.  25,    1895. 

CAR  Transfer  Bridge. 

Type  supported  entirely  by  chains,  as  used  at  West  Norfolk.  Va.,  by  the 
Atlantic  and  Danville  R.  R.     Illustrated.  — Eng.  News,  Sept.  19,  1895,  p.  178. 

CAST  IRON   COLUMN;  Failure  in   a   Building. 

S<3e    BUILDING    CONSTRUCTION. 

CAST   IRON;   Cooling  Curves  and  Tests    for   . 

The  influence  of  carbon  and  silicon,  and  of  the  size  of  the  casting.  Curves 
resulting  from  varying  factors  and  practical  application  of  cooling  curves. 
Illustrated.    W.   J.  Keep— Lon.  Eng.,  Sept.  20,  1895,  p.  375. 

CAST  IRON;  Malleable 

Methods,  details  and  opinions  on  its  manufacture.  Discussion  of  princi- 
ples and  practice,  by  H.  R.  Stanford.  Illustrated.  —Trans.  A.  S.  C.  E.  Vol. 
xxxiv,  No.  1.  pp.  1-22,  1895.    R.   R.   Gaz.,  Aug.  16,  1895,  p.  541. 

CAST  IRON,  Malleable  . 

Methods,  details  and  opinions  on  its  manufacture.  Discussion  of  principles 
and  practice,  by  H.  R.  Stanford.  Illustrated.  — Ry.  Eng.,  Nov.,  1895,  p.  359. 

CAST  IRON.  Physical  Properties  of  — -. 

A  paper  by  Thomas:  D.  West  read  before  the  Iron  and  Steel  Institute. 
— Prac.  Eng..   Oct.  4,  1895,  p.  376. 

CAST  IRON,  Strength   and  Shrinkage  of  . 

Experiments  to  determine  the  relation  between  transverse  strength  and  size 
of  bar  and  percentage  of  silicon,  carbon  and  other  ingredients.  The  pheno- 
mena of  shrinkage  in  cooling.  W.  J.  Keep.  Illustrated.  —Eng.  News.,  Nov. 
28,  1895,  p.  357. 

CAST  IRON  Tests. 

With  different  percentages  of  aluminum,  by  C.  G.  Taylor.  —Am.  Mach.,  July 
25,   1895,  p.  584. 

CAST  IRON  Tests  of. 

See  TESTS. 
CAST  IRON  Water  Pipe. 

Its  use,  manufacture,  tests  and  inspection.  Illustrated.  Frederick  H. 
Lewis.  — Cassier,  May,  1895,   p.   17. 

CEMENT. 

See    MASONRY,    MORTAR,    PAVEMENTS,   CONCRETE. 
CEMENT;  American  Portland  . 

Comparison  with  foreign  cements,  and   its   manufacture   and    growing   use. 
William  G.  Hartranft.  —Eng.  Rec,  July  13,  1895,  p.  113. 
CEMENT,  American  Portland  . 

History  of  its  manufacture  and  development,  the  manufacture  of  different 
brands,  and  table  of  long-time  tests.  Robert  W.  Lesley.  — Jour.  Assn.  Ehg. 
Socs.,  Vol.  XV,  No.  5,  p.  193  (1895). 

CEMENT,  Blast  Furnace,  Slag  and . 

The  probability  of  the  use  of  the  slag  for  manufacturing  Portland  cement 
when  some  cheap  mode  of  desulphurization  is  found.  — E.  and  M.  Jour., 
July  6,  1895,  p.  8. 

CEMENT,   Comparative  Adhesive   and  Cohesive  Strength  of  . 

Methods  of  tests  and  results  tending  to  show  that  the  coefficient  varies  from 
0.5  to  5.0;  that  it  is  greater  for  Portland  than  for  natural  cement  and  that  It 
decreases  with  age.  Graduate  work  of  L.  J.  Affelder  and  R.  C.  Brown.  — 
Eng.  News,  May  23,  1895,  p.  333. 

CEMENT;    Concrete    and    Portland . 

Summarization  of  data  to  determine  the  most  valuable  tests  for  cement, 
and  of  concrete  to  obtain  data  concerning  its  manufacture  and  manipula- 
tion.   J.    W.    Sandeman.—  Proc.    Inst.,  C.  E.,  Vol.  CXXI,  p.  214  (1895). 
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CEMENT  Laboratory  Work:. 

Methods  and  results  in  the  U.  of  Illinois  cement  laboratory.  Professor  I.  O. 
Baker.  —University  of  Illinois   "Technograph,"  No.  9  (1895). 

CEMENT  Manufactured  From  Furnace  Slag;. 

The  field,  character  of  product,  and  general  plan  of  a  complete  factory.  Il- 
lustrated. Hermann  Crueger.  — Jour.  Assn.  Eng.  Socs.,  April,  1895,  p.  364. 
E.  &  M.  Jour.,  June  1,  1895,  p.  505. 

CEMENT  MORTAR. 

Experiments  showing  that  stamp  sand  with  cement  gives  about  one- 
third  greater  strength  than  standard  quartz  sand.  — E.  &  M.  Jour.,  Feb.  23, 
1895. 

CEMENT  MORTARS,  Effect  of  Freezing-   . 

Experiments  corroborating  generally  accepted  principles;  except  that  nat- 
ural cement  mortar  if  unharmed  by  freezing  appears  to  be  improved,  and 
that  a  mixture  of  Portland  and  natural  cements  better  resists  freezing.  Il- 
lustrated. A  prize  thesis  by  Percy  L.  Barker  and  H.  A.  Symonds.  — Eng. 
News,  May  2,  1895,  p.  282. 

CEMENT  Pavement. 

See  PAVEMENT. 

CEMENT,  Portland    . 

Proceedings  of  the  1S95  meeting  of  German  Portland  cement  makers,  includ- 
ing reports  on  uniform  testing  apparatus,  requirements  of  tests,  influence 
of  magnesia,  the  action  of  sea  water,  and  the  process  of  hardening.  — Sci. 
Am.  Sup.  Dec.  21,  1895,  p.  16649. 

CEMENT,  Portland  . 

Selection  of  raw  materials  and  their  proper  treatment  by  different  methods; 
burning,  with  types  of  kilns  used;  reduction  of  the  clinker  to  cement  powder 
and  its  proper  storage;  requirements  of  testing  as  given  in  different  stan- 
dard specifications;  methods  of  testing  and  mechanical  devices  used;  com- 
parative values  of  different  cements;  uses  as  a  material  of  construction; 
proper  methods  of  manipulation;  estimates  of  quantities  and  cost.  Exten- 
sive monograph  by  Prof.  C.  D.  Jameson.  — Univ.  of  Iowa  "Transit,"  "Vol. 
Ill,  No.  1,  pp.  1-192  (1S95).    Price,  $1. 

CEMENT,    Specifications    for  . 

Portland  cement  and  mortar  tests.  The  significance  of  time  tests,  of  the 
presence  of  sulphuric  acid,  magnesia  and  lime,  of  fineness,  of  specific 
gravity.  Valuable  discussion  by  Frederick  H.  Lewis  and  others.  — Proc. 
Eng.   Club,   Phila.,   Jan.,   1895. 

CEMENT,  The  Specific  Gravity  of . 

Methods  t>f  determination,  with  description  of  two  forms  of  apparatus  used. 
Illustrated.  — Lon.  Engineer,  Sept.  13.  1895,  p.  248. 

CEMENT  Testing. 

Standard  methods  of  different  countries  compared,  results  of  tests  analyzed 
and  discussed  and  recommendations  concerning  methods.  Extended  and 
valuable  investigations.  Illustrated.  Cecil  B.  Smith.  With  discussion.  — 
Trans.   Can.   Soc.   C.  E.  Vol.  IX,   Part  1,   pp.  237-304  (1S9.V). 

CEMENT;  Testing-  . 

Report  of  committee  to  the  Canadian  Society  on  a  standard  method  of  tests. 
—Trans.   Can.  Soc.  C.  E.,  p.  54,   (1895). 

CEMENT   Testing    Machine. 

The  automatic  attachment  to  an  Ohlsen  machine  used  at  La  Fayette  Coi 
lege   by    Prof.    J.    M.    Porter.    Illustrated.  —Eng.  Rec,  June  8,  1895,  p.  27. 

CEMENT,  Tests  of   . 

A  very  extended  series  of  tests  of  natural  and  Portland  cements  for  use  at 
the  Sault  Ste  Marie  improvements.  Results  in  detail.  —Report  of  Chief  of 
Engineers,   U.    S.  A.,   1894,   pp.  2311-2363. 

CEMENT  "Works. 

A  general  account  of  the  works  and  processes  of  the  Whitaker  Portland 
Cement   Company.  —Eng.    News,   Jan.   10,  1895. 
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CEMENTS,  Comparative  Economy  of  . 

Determined  by  consideration  of  strength  as  well  as  cost  price  of  the  cements. 
Captain  W.  L.  Marshall,  U.  S.  A.  —Eng.  News,  May  16,  1895,  p.  321. 

CEMENTS;  Tensile  Strength  of  . 

Tests  and  theoretical  discussion  showing  that  the  full  strength  is  not  de- 
veloped by  the  usual  way  of  breaking  briquettes  in  grips,  but  that  the  true 
tensile  strength  is  probably  one-third  greater  than  such  tests  develop.  M. 
L.    Durand  Claye.— Annales   des   P.  &  C,  Vol.  7,  No.  6,  p.  604  (1895). 

CHIMNEYS  and  Draft. 

Abstract  of  article  from  Helios,  the  publication  of  the  Heine  Boiler  Co., 
on  the  draft  of  chimneys  and  their  proportion.  —Power,  Feb.,  1895. 

CHIMNEYS,  Large   . 

See  STACKS. 

CHIMNEYS,   Straightening 

Illustrated  description  of  the  straightening  of  a  100-feet  chimney  which 
leaned  2S  inches.  Paper  read  by  Joseph  C.  Piatt  before  Am.  Society  of 
Mech.  Eng.,  Sci.  Am.  Sup.,  Jan.  26,  1S95.  —Power,  Jan.,  1895;  Safety- 
Valve,  Dec.  15,  1894. 

CHICK,    Emery   . 

A  new   chuck  for   emery   cylinders.    Illustrated.  — Am.  Mach.,  Feb.  21,  1895. 

CITY  ENGINEERING  Bnrean. 

The  ideal  organization,  maintenance  and  methods.  Francis  Collingwood.  — 
Eng.  Mag.,  Vol.  IX,   No.  3  (1895),  p.  445. 

CITY,   Planning  the  Site  for  a . 

Vital  elements  of  growth  and  progress.  Illustrated  by  the  history  of  the 
plans  for  Philadelphia,  Washington,  Gonzales  City  in  Mexico,  and  St. 
Paul.    Lewis     M.    Haupt.  —Eng.     Mag.,    Jan.,   1895. 

CIVIL,  ENGINEER;  The  . 

His  aims,  field  and  work  in  this  new  epoch  of  the  world's  history.  Presi- 
dent's address  of  Geo.  S.  Morison  before  the  annual  convention  of  the 
American  Society  of  Civil  Engineers.  — R.  R.  Gaz.,  June  28,  1895,  p.  121; 
Eng.  Rec,  June  29,  1895,  p.  79. 

CIVIL   ENGINEERS'    Convention. 

The  proceedings  at  the  recent  meeting  of  the  American  Society  at  Boston. 
—Eng.  News,  June  27,  1895,  p.  423;  Eng.  Rec,  June  29,  1895,  p.  77. 

CIVIL,  ENGINEERS,  the  Institution  of . 

History  of  its  inception  and  growth,  its  constitution,  membership  and 
character.  General  illustrated  description  of  buildings  now  to  be  erected 
for  it.  — Lon.  Engineer,  Jan.  18,1895.  Eng.  Rec,  Feb.  9,  1895.  Sci.  Am.  Sup., 
Feb.   23,    1895. 

CIVIL  ENGINEERS,  The  Institntion    of 

History  of  its  inception  and  growth,  its  constitution,  membership  and 
character.  General  illustrated  description  of  buildings  now  to  be  erected 
for  it.  —Lon.   Engineer,   Jan.   18,   1895. 

COAL,  Consumption  of   . 

Diagrams   and   an   equation   representing  the  coal  used  per  hour  by  an  Edi- 
son station  in  Boston.  — Elec  Eng.,  June  12,  1895. 
COAL  Consumption. 

Tabulated  results  from  24  electric  lighting  stations  showing  the  fuel  econ- 
omy obtained.  Results  carefully  compiled  for  National  Electric  Light  Ass'n. 
—Eng.  Rec,  March  2,  1895.  Eng.  News,  March  14,  1895.  Elec.  "World,  March 
2,  1895. 

COAL  Culm. 

Its  utilization  at  Scranton,  Pa.  Methods  and  results.  Illustrated.  —Eng. 
N>ws,  Dec.  26,  1S95,  p.  426. 

COAL   HANDLING. 

See    ELECTRICITY. 
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COAL  Handling  Machinery. 

Modern  methods  of  hoisting  and  conveying  coal.  Fully  illustrated.  A.  J. 
Webster.  — Cassier,  Vol.  9,  No.  1,  p.  62  (1895). 

COAL,  Heat  Value  of  . 

Abstract  of  paper  by  Wm.  Forsyth,  of  the  C,  B.  and  Q.  R.  R.,  read  before 
the  Western  Railway  Club.  The  methods  of  determining  the  heat  value  of 
Western  coals  are  discussed.  — Ry.  Eng.  &  Mech.,  Feb.,  1895. 

COAL,  MINE  Surface  Works. 

The  North  Staffordshire,  England,  mines,  and  details  of  surface  machinery 
and  works  whereby  cost  of  labor  at  surface  is  reduced  to  one-twelfth  of 
total  expenses  for  labor.  Edward  Brownfield  Wain.  Discussion.  — Proc. 
Inst.  C.  E.,  Vol.  119. 

COAL,  Storage  Plant. 

The  extensive  construction  at  Port  Richmond  for  the  P.  and  R.  R.  R.  on  the 
Dodge    system.    Illustrated.  — R.    R.  Gaz.,  May  31,  1895. 

COAL,   Storing  and  Distributing   . 

Jeffrey  coal  storing  and  distributing  plant  at  Johnstown,  Pa.  —Illustrated. 
—Power.  Jan.,   1895. 

COAL.  Tests  on    — . 

A  comparison  of  the  cost,  at  Chicago,  of  generating  steam  with  Eastern  and 
Western  coal,  from  tests  made  by  R.  W.  Hunt  &  Co.  —Safety  Valve,  April 
15,  1895. 

COAL,  Use  of  Small  Sizes  of  Antliracite  for  Generating  Steam. 

Methods  for  determining  size,  specific  gravity,  moisture,  etc.  Eckley  B. 
Coxe.  —Trans.  A.  S.  M.  E.,  Vol  XV. 

COALING  STATION  for  Locomotives. 

The  new  structure  at  Fargo,  N.  D.,  using  the  Dodge  conveyor  and  having 
a  capacity  of  3500  tons.    Illustrated.  — R.  R.  Gaz.,  May  3,  1S95,  p.  280. 

COFFERDAMS  Used  at  Queen's  Bridge,  Melbourne,  Australia. 

Water-tight  tarpaulin  used  in  place  of  clay.  Details  given  by  W.  R.  Reu- 
nick.  — Eng.  News,  April  4.  1895. 

COLUMN,    Formula . 

A  new  and  simpler  formula  for  practical  use  in  the  design  of  short  columns 
with  eccentric  and  concentric  loads.  With  diagram.  Prof.  J.  B.  Johnson.  — 
Eng.    News,    Aug.   1,    1895,   p. 67. 

COLUMN  Formula. 

Discussion  of  Prof.  Johnson's  recently  published  formula.  —Eng.  News, 
Aug.  29,   1895,  p.  140. 

COLUMN   Formula. 

Further  Discussion  of  Prof.  Johnson's  recently  published  formula  by  Henry 
S.  Prichard  and  Prof.  J.  B.  Johnson.  Eng.  News,  Sept.  26,  1895,  p.  202;  Eng. 
News,  Oct.  31,  1895,  p.  299. 

COLUMN   Formulae. 

Discussion  of  Euler's  formula  with  its  assumptions,  limitation  and  lim.dng 
length,  and  a  new  formula  for  long  struts  devised,  which  is  compared 
with  other  recent  ones  of  like  nature.  Prof.  A.  J.  Du  Bois.  —Eng.  News, 
Aug.   22,   1895,   p.   115. 

COLUMNS.    Test    of   tbe    Strength    of 

Abstract  of  paper  by  Gaetano  Lanza  and  Edward  F.  Miller,  read  before  the 
A.  S.  M.  E.  Results  of  13  tests  on  spruce  columns  are  given.  — Ry.  E.  &  M., 
Jan.,  1895. 

COMPRESSED   AIR. 

See  AIR. 

COMPRESSED  AIR  Power. 

Its  advantages  and  application  to  quarry  work.  Illustrated.  William  L. 
Saunders.  —Stone,  May,  1S95,  p.  563. 
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COMPRESSED    AIR;   Working   in . 

History  Of  early  development  and  experiments.  Tests  showing  that  under 
proper  conditions  men  can  work  under  pressures  up  to  77  pounds.  — Lon. 
Eng.,  July  12,  1895,  p.  34.    Abstract,   Eng.  News,  Aug.  1,  1895,  p.  67. 

COMPRESSOR   and   Pump. 

See  PUMP. 

COMPUTER  for  Application  of  Kutter's  Formula. 

Slide  rule  application  to  this  formula,  securing  its  easy  application.  Wm. 
Cox.    Illustrated.  —Eng.    News,    July  18,  1895,  p.  44. 

CONCRETE. 

See  BEACON  TOWER,  BETON,  BRIDGE,  CEMENT,  DAM,  DOCKS, 
MASONRY,    SEA    WALL. 

CONCRETE  Arch  Bridge. 

See   BRIDGE. 

CONCRETE  Beacon  Tower. 

See  BEACON. 

CONCRETE  Bridge. 

See  BRIDGE. 

CONCRETE   and   Cement. 

See  CEMENT. 

CONCRETE  Conduit  Construction. 

The  Ransome  system  of  monolithic  construction  lately  used  at  Denver,  Col., 
and  Oakland,  Cal.  The  apparatus  consists  of  an  inner  core  and  an  outer 
mold  between  which  the  concrete  is  deposited.  Illustrated.  —Eng.  News, 
April  4,  1895. 

CONCRETE   CONSTRUCTION. 

See  ILL.  &  MISS  CANAL. 

CONCRETE    Construction. 

The  monolithic  dock  foundations  at  Newcastle,  England.  —Eng.  News, 
April  4,  1895. 

CONCRETE  Construction  on  tlie  Lonesome   Valley   Viaduct. 

Methods  and  efficiency  as  used  for  the  substructure  of  this  viaduct  on  the 
Knoxville,  Cumberland  Gap  and  Louisville  R.  R.  Gustave  R.  Tuska.  With 
discussion.— Trans.    A.    S.    C.   E.,   Vol.  XXXIV,  No.  3,  pp.  247-258  (1895). 

CONCRETE,  Hydraulic   . 

Materials  may  be  so  chosen  as  to  require  a  less  quantity  of  cement  and  so 
reduce  cost.  When  so  used  the  larger  ingredients  should  be  wet  and  mingled 
and  the  finer  sand  and  concrete  mixed  dry  and  then  incorporated  with  the 
larger.       C.     H.     Piatt.  Eng.     News,   Feb.   21.   1895. 

CONCRETE,  The  Consistency  of . 

Discussion  of  wetting  the  mixture  to  the  extent  of  its  "quaking"  when 
rammed,  as  specified  for  Chicago  Drainage  Canal  Works.  —Eng.  News,  Nov. 
21,  1895,  p.  347. 

CONCRETE-IRON    and    Iron-Concrete. 

Proposed  distinction  between  these  terms.  Fr.  von  Emperger.  —Eng.  News, 
May  9,  1895,  p.  306. 

CONCRETE,  Notes  on   . 

Percentage  of  voids  in  different  materials  and  consequent  proportions.  The 
effect  of  a  proportion  of  gravel  or  small  stone  to  strengthen  the  product. 
Spencer  B.   Newberry.  — Sci.   Am.   Sup.,  Feb.  9,  1895. 

CONCRETE,    Portland     Cement   . 

Methods  and  details  used  at  Fort  Point,  California.  Hand-made  concrete 
cost  50  per  cent,  more  than  the  machine  made  for  labor.  George  H.  Men- 
dell.  —Jour.  Assn.  Eng.   Socs.,  March,  1895. 

CONCRETE  and  Steel  in  Combination. 

Discusston  of  their  combined  strength  (1)  when  the  concrete  cracks  at 
bottom,  (2)  when  steel  bar  passes  its  elastic  limit,  and  (3)  when  concrete 
fails  in   compression.    Prof.  J.   B.   Johnson.  —Eng.  News,  Jan.  3,  1895. 
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CONCRETE   and   Wire   Construction. 

See    BUILDING    CONSTRUCTION. 

CONCRETE   and   Wire   Floor. 

See  BUILDING  CONSTRUCTION. 

CONDUIT. 

See  ELECTRIC   CONDUIT. 

CONDUIT,   Electric   . 

System  of  the  Third  Avenue  Ry.  Co.,  New  York.  Illustrated.  —St.  Ry. 
Jour.,  Aug.,  1895,  p.  532. 

CONDUIT,    Electric    . 

The    Horde    system.      Illustrated.  — Elec.  Rev.,  Nov.  8,   1895,  p.  563. 

CONDUIT.   Electric  Railway  , 

Of  the  Metropolitan  Railroad,  Washington.  Illustrated.  —St.  Ry.  Jour., 
Jan.,   1895. 

CONDUIT  for  Electric  Street  Railways. 

The  E.  M.  System.     Illustrated.  —Elec.  Eng.,  Oct.  23,  1S95,  p.  392. 

CONDUIT.  The  Love  . 

A  year's  operation  of  this  system  <os!  underground  electric  wires  on  a  Wash- 
ington line  shows  it  to  be  but  partially  successful.  —St.  Ry.  Rev.,  Jan., 
1895. 

CONDUIT  SYSTEM,  Electric  Railway   . 

See  ELECTRIC   RAILWAY. 

CONDUITS. 

See   ELECTRIC   RAILWAY   CONDUIT.      Concrete.    Tests. 

CONDUITS,  Testing;  Cast  Iron    . 

See  TESTS. 

CONDUITS,   Underground   . 

The  Buda-Pesth  and  Lenox  Avenue  conduits,  and  the  Love.  Connett  and 
Wheless   systems.     Illustrated.  — R.  R.  Gaz.,  Sept.  13,  1895,  p.  599. 

CONTINUOUS    RAIL. 

See  RAIL. 

CONTRACT,  History  of  an  Engineering-   . 

Details  of  a  suit  over  classification  of  materials  and  work  on  railroad 
building  in  South  Dakota.  Francis  C.  Tucker.  —Jour.  Ass'n  Eng.  Socs. 
Vol.   XV..   No.   1,   pp.  44-56. 

COPPER,  Strength  of 

Experiments  on  the  strength  of  copper.  Paper  by  Prof.  A.  Martens,  from 
Proc.  Inst.,  C.  E.  — Prac.  Engr.,  Feb.  8,  1895. 

CORROSION  of  Doilers  and  Steamships. 

Causes  and  preventatives.  Galvanic  action  the  great  cause,  and  cleaning 
from  shop  scales  or  introducing  zinc  in  metallic  contact.  William  C.  Ward. 
— Cassier,  April,  1895. 

CORROSION   of  Metals  Under   Stress. 

Results  of  tests  by  Thomas  Andrews  indicate  that  the  effect  of  stresses  Is 
to  lessen  corrosive  action.  —Eng.  Rec,  March  16,  1895. 

COUNTERBALANCING    of    Locomotives. 

See   LOCOMOTIVES. 
COUPLINGS.   Recent   . 

An  illustrated  article  describing  several  new  couplings  invented  in  France. 
— Prksch.    Msch.    Cnstr.,    May    6,    1895. 

CRANE;  Forty  Ton  Self-Propelling-  . 

The  great  and  novel  crane  for  the  Mare  Island  Navy  Yard.  Illustrated.  — 
Eng.  News,  June  27,   1895,  p.  419. 

CRANE,  Foundry   . 

An    illustrated    article  describing  a  seemingly      very      good    foundry    crane. 

All  details  are  given  in  excellent  illustrations.  — Prktsch.  Msch.  Cnstr., 
June  6,  1S95,  et  seq. 
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CRANE,    Pneumatic  . 

Article  describing  a  pneumatic  crane  in  the  railway  shops  of  the  Delaware, 
Lackawanna  and  Western  Railway  at  Buffalo.  The  article  is  well  illustra- 
ted.—Prktsch.    Msch.    Cnstr.,    May  9,   1895. 

CRANES. 

For  the  Harbors  of  Dirschau,  Marienburg  &  Jordan,  on  the  River  Weich- 
sel.  A  valuable  and  very  fully  illustrated  article  by  Prof.  Mehrtens,  de- 
scribing the  new  cranes  erected  during  the  last  few  years.  — Ztsch.  Ver. 
Ing.,  Dec.  15,   1895. 

CRANES  Locomotive  . 

Their  characteristics,  advantages,  details  of  construction  and  use.  Exam- 
ples and  illustrations  of  different  current  types.  Wm.  L.  Clements.  — Cas- 
sier,  March,  1895. 

CRIB  Breakwaters. 

Their  stability  considered.    The  effect  of  the  impact  of  wave  action  on  the 

inner  walls  is  much  greater  than  on  the  outer.  Its  bearing  on  the  proba- 
bility   of   failure.  — Eng.    Rec,    Feb.  23,  1895. 

CRIB    Construction. 

Methods    and    cost    of in   Chicago  harbor.    Fully  illustrated.    Capt.    W.   L. 

Marshall.  —Eng.   News,  Jan.  10,   1895. 

CRIB-WORK  Coffer  Dam. 

Method  of  efficient,  easy  and  economical  construction.  W.  H.  Dechant.  With 
discussion.  — Proc.    Eng.    Club.,    Phiia.,  Vol.  XII,  No.  2,  p.  163  (1895). 

CROSSING.  Railway  . 

Standard  steam  and  street  railway  crossings  of  the  Chicago  City  Railway 
Co.    Illustrated.  —St.    Ry.    Jour.,    Jan.,  1895. 

CRUSHER,  Portable  Rock  . 

Description  of  the  Buchanan  crusher,  giving  its  advantages.  Illustrated. 
—Eng.  News,  March  7,  1895. 

CRYSTALLIZATION  of  Steel. 

Explanation  of  fracture  as  due  to  crystallization  urged  to  be  a  mistake. 
Editorial  discussion.  — R.  R.  Gaz.,  March  15,  1895. 

CULVERTS,    Brick    Arch   . 

Construction  on  the  St.  Louis,  Keokuk  and  Northwestern  R.  R.   extension. 
Illustrated.  —Eng.  News.,  May  30,  1895,  p.  347. 
CURRENT    MEASUREMENTS. 
See    DISCHARGE. 

CURRENT  METER.   The  Ritchie-Haskell   

An  electrically  registering  meter  having  a  wheel  bf  the  screw-propeller 
form  and  a  fish-shaped  body  containing  a  magnetic  needle  for  determin- 
ing sub-aqueous  direction.  —Eng.   News,  Jan.  10,  1895. 

CURRENT    METER;    Waltman's  ■ . 

Article  by  M.  Schmidt  in  which  the  methods  are  described  which  have 
been  used  in  Munich  for  determining  the  coefficient  of  the  above  instru- 
ment.—Ztsch.    Ver   Ing.,    Aug.    3,    1895,  et  seq. 

CURRENT    METERS. 

See    METERS. 
CURRENT  METERS  and  Their  Rating. 

The  Price  meter,  having  six  conical  cups  revolving  horizontally,  revolu- 
tions announced  pneumatically  to  the  ear  of  the  observer.  Details  of  rat- 
ing the  meter.  —Eng.  News,  Jan.  10,    1895. 

CYLINDER  CONDENSATION  Tests. 

Tests  at  Perdue  University  on  a  Baldwin    Compound    Locomotive,    showing 
that  cut-off  and  boiler  pressure  are    the    principal    factors,    speed    having 
comparatively  little   effect.  — R.   R.  Gaz.,  Sept.  20,  1895,  p.  616. 
CYLINDER  WALL. 

The  temperature  cycle,  as  shown  by  photograph.  Also  determination  of 
quality  of  steam  as  compared  with  the  temperature  of  the  cylinder.  Illus- 
trated.   E.     Thos.     Adams.  — Cassier,  Jan.,   1S95. 
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CYLINDER  WALLS;  Heat  Losses  in  a   Steam  Engine  . 

Experiments  and  results,  with  diagrams  and  tables.  S.  H.  Barraclough  and 
L.   S.   Marks.— Proc.   Inst.,   C.   E.,  Vol.  CXX,  p.  323  (1895). 

DAM    and   Weirs. 

Modified  form  of  the  bear-trap  dam  as  applied  by  Maj.  W.  A.  Jones,  at 
Sandy  Lake,  Minn.  The  application  of  the  simple  and  inexpensive  timber 
construction  shown  to  be  practicable  for  automatic  quick-acting-  dams  even 
with  lock  gates.  — Eng.   Rec,   Feb.  2,  1895. 

DAM,  Failnre  of  the  Bonzey  Reservoir  . 

Method  of  its  construction  and  its  history.  Probable  mode  of  failure.  — 
Lon.  Eng.,  May  3,  1895,  p.  583.  Eng.  News,  May  9,  1895,  p.  312.  — Lon.  Engi- 
neer,  May  31,   1895,  p.  383;  Eng.  News,  May  23,  1895,  p.  332. 

DAM;    Overflow   at   the    Sweetwater . 

A  flood  overtaxed  the  waste  weir  of  thick  arched  masonry  dam,  causing 
a  flow  over  the  parapet  of  22  inches,  without  injury  to  the  dam  itself.  Il- 
lustrated. —Eng.    News,    Aug.    15,    1895,  p.   111. 

DAM,   Repairs  to  Cohoes   . 

Methods  used,  with  materials.  Details  of  the  steel  apron  applied  in  the 
construction.  —Eng.  Rec,  April  13,  1895. 

DAM;  The  Bonzey . 

Article  by  Prof.  Moller  describing  the  above  dam  and  explaining  for  its 
failure.    Illustrated.— Jour.  F.  Gasb.  U.  Wasserv,  June  22,  1895,  et  seq. 

DAM.  The  Dnnnings  . 

Dam  of  fifty  feet  height,  partly  of  earth  and  partly  of  masonry.  Foun- 
dation partly  on  rock,  partly  on  earth.  Details  of  construction  of  dam, 
wing-walls,  spill-way,  apron,  gate  chamber  and  other  features.  Paper 
by  E.    Sherman   Gould,   with   discussion.  —Trans.  A.   S.   C.   E.,   Nov.,    1894. 

DAM;  the   Gonlhnrn . 

A  large  dam  for  furnishing  water  for  irrigation  in  Victoria,  Australia. 
Height,  45  ft.;  length,  695  ft.  With  description  of  the  headworks  of  the 
canals.    Well   illustrated.  —Eng.    News,  Juiy  25,  1895,  p.  53. 

DAM;    the    Otay  . 

A  loose-rock  dam  now  being  constructed  for  the  Mt.  Tecarte  company, 
and  interesting  chiefly  for  the  use  of  sheet  steel  embedded  in  concrete  to 
form  an  impervious  core.  Total  height  160  feet.  Illustrated.— Eng.  Rec, 
Sept.  28,  1895,  p.  310. 

DAM,  The  Ticticus   . 

General  review  of  the  Croton  watershed  system,  with  location  of  dam,  plan, 
sections  and  general  description  of  this  dam  which  forms  one  of  the  Cro- 
ton   series.    Illustrated    serial.  —Eng.  Rec,  June  22,  1895,  p.  58,  et  seq. 

DAMS. 

See  MASONRY,   RESERVOIRS,   WATER  WORKS. 

DAMS;  Failure  of  Masonry  . 

The  fact  that  well-designed  dams  have  failed  attributed  to  developing  As- 
sures permitting  the  introduction  of  water  under  considerable  pressure. 
As  safeguards  are  the  building  of  monolithic  masonry,  and  of  a  guard- 
wall  that  will  prevent  water  reaching  the  body  of  the  dam  under  pressure. 
— Annales  des  P.  &  C,  Vol.  7,  No.  7,  pp.  77-89  (1895). 

DAMS,  High  Masonry   . 

General  corsideration  of  theory,  with  the  advocacy  of  a  cross  section  to  pro- 
vide for  vertical  pressure  of  water  over  all  the  base  of  dam  as  well  as  the 
ordinary  horizontal  pressure.  John  D.  Van  Buren.  With  discussion.  — 
Trans.  A.  S.  C.  E.,  Vol.  XXXIV,  No.  6,  pp.  493-520  (1895). 

DAMS,   Movable   . 

American  types  and  their  development.  Present  practice  in  this  country, 
and  examples  of  their  use.  Lieut.  Hiram  M.  Chittenden.  —Eng.  News,- 
Feb.  7,  1895. 
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DANUBE.  Regulation  of  the  . 

Paper  by  H.  Arnold  read  before  the  Society  of  German  Engineers  at  Berlin. 
A  thorough  description  of  this  interesting  work.  Well  illustrated.  — Ztsch 
Ver  Ing.,  Feb.  2,  1S95,  et  seq. 

DANUBE,  Removal  of  tlie  "Iron  Gates"   of  the  River  . 

History,  general  description  and  details  of  this  great  and  important  under- 
taking.   Illustrated.    Oscar    Guttmann.  — Proc.  Inst.  C.  E.,  Vol.  119. 

DEPOT  AT  ST.  LOUIS:  Heating:  and   Ventilation   of  . 

See    HEATING   AND    VENTILATION. 

DESIGN,  Some  Thoughts  on  Machine    . 

The  first  of  a  series  of  articles  on  machine  design  by  De  Volson  Wood.  — 
Amer.  Mach.,  June  6,  1895. 

DISCHARGE. 

See  WEIRS. 

DISCHARGE   Measurements. 

Methods  and  results  for  Virginia  and  West  Virginia  rivers.  D.  C.  Hum- 
phreys. —Jour.  Assn.  Eng.   Socs.,   Vol.  XV,  No.  5,  p.  187  (1895). 

DISCHARGE  Measurements  of  Streams. 

Methods  of  the  U.  S.  Geological  Survey,  with  results.  P.  H.  Newell.  With 
discussion.  —Proc.    Erg.    Club,    Phila.,   Vol.  XII,   No.  2,   p.   125  (1895). 

DISCHARGE   of  a  Thirty  Inch  Stop   Valve. 

Methods  and  results  at  Newark,  N.  J.  J.  Waldo  Smith.  With  discussion. 
—Trans.   A.    S.   C.   E.,   Vol.   XXXIV,  No.  3,  pp.  235-246  (1895). 

DISCHARGE    of   the   Mississippi   River. 

Unusual  difficulty  of  securing  satisfactory  results.  Consideration  of  condi- 
tions, regimen  of  river,  some  different  measurements  and  peculiarities  of  in- 
fluences. Methods  and  results.  Illustrated.  William  Starling.  —Trans.  A.  S. 
C.    E.,    Vel.    XXXIV,    No.    5,    pp.    347-492  (1895). 

dock£. 

See    QUAYS. 

DOCKS;   the   Kidderpur  . 

Materials,  plans  and  erection  of  these  Calcutta  docks.  W.  D.  Bruce.  Also 
details  of  the  movement  of  the  walls  while  in  course  of  erection.  J.  H. 
Apjohn.—  Proc.    Inst.,    C.    E.,    Vol.    CXXI,  p.  88  and  p.  104  (1895). 

DOCKS,   The   New    Glasgow    . 

Recent  improvements  in  this  important  port.  Illustrated  serial.  —Lon.  Eng., 
Sept.  6,  1895.  p.  293,  et.  seq. 

DOCKS;  the  Tilhury  . 

Construction  and  equipment  of  these  docks,  built  mainly  of  concrete  com- 
posed of  10  parts  ballast  to  1  part  of  Portland  cement.  J.  P.  Scott.— Proc. 
Inst.,  C.  E.,  Vol.  CXX,  p.  276  (1895). 

DRAFT,  Induced   . 

The  superiority  of  an  exhaust  draft  over  a  forced  draft.  W.  A.  Martin.  — 
Lon.  Engineer,  April  26,   1895,   p.  364.    Sci.  Am.  Sup.,  May  11,  1895,  p.  16,136. 

DRAFT  SHEET  for  Locomotive. 

See  LOCOMOTIVE. 

DRAINAGE. 

See  SANITATION. 

DRAINAGE  of  the  British  Houses  of   Parliament  . 

History  of  the  former  systems  used,  with  the  new  works  of  1S86.  Illus- 
trated. —Lon.   Engineer,  June  21,  1895,  p.  526. 

DRAINAGE    CANAL;    the    Chicago . 

Its  probable  effect  on  lake  levels,  in  report  to  the  Chief  of  Engineers,  U. 
S.  A.;  also  the  investigation  of  L.  E.  Cooley;  and  a  consideration  of  the 
regulation  of  lake  levels  by  Geo.  Y.  Wisner.  With  editorial  comment.— 
Eng.   News,  Oct.  3,  1895,  pp.  210,  211,  230  and  220. 


xxx  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

DRAINAGE  CHANNEL.,  The  Chicago  — » 

Complete  history  of  the  work,  and  methods  adopted  by  the  engineers  and 
contractors  in  its  planning  and  execution.  An  important  series  of  articles 
giving  much  valuable  information  in  detail,  with  numerous  illustrations.  — 
Eng.   News,    May  16,   1895,   p.   314  et  seq. 

DRAINAGE  CHANNEL,  The  Chicago    Main   . 

Selection  of  route,  determination  of  most  economical  cross-section,  control 
of  the  Desplaines  River  and  exclusion  of  its  flood  waters  from  the  main 
channel,  construction  of  supply  channel  from  Lake  Michigan  and  of  regu- 
lating works,  railway  changes  and  bridges  necessary,  particulars  of  ex- 
cavation in  earth  and  rock  with  machinery  and  methlods  used.  Valuable 
series  of  papers  on  this  great  engineering  work,  running  through  about  six 
months  of  publication.  —Eng.  News,  May  16,   1895,    et  seq. 

DRAINAGE  CHANNEL,  The  Chicago   Main  . 

Details  of  the  work  of  excavation  on  sections  "M"  and  "L."  Illustrated. 
—Eng.  News,   June  13,  1895,  p.  390. 

DRAINAGE  CHANNEL,  The  Chicago   Main  . 

Fifth  paper,  giving  details  of  excavation,  principally  in  clay  of  sections 
"G"  and  "H"  by  the  double  cantilever  conveyor,  two  incline  conveyors  and 
the  belt  conveyor.    Illustrated.  —Eng.  News,  June  20,  1895,  p.  394. 

DRAINAGE    CHANNEL;   The    Chicago  Main  . 

Seventh  paper  giving  details  of  work  and  methods  on  sections  D  to  A.  Il- 
lustrated. —Eng.  News,  July  4,  1895,  p.  12. 

DRAINAGE   CHANNEL;   the  Chicago    Main . 

The  Lemont  division,  containing  description  of  hard  excavation  and  ma- 
chinery used  in  its  removal.  Illustrated.  A  lso  other  similar  divisions. 
Continuation    of    the    serial.  —Eng.  News,  Aug.  1,  1S95,  p.  68,  et  seq. 

DRAINAGE    CHANNEL;  The   Chicago   Main  . 

The  steam  shovels  used,  and  their  work  illustrated.  T^ng-^^^s.  July  18. 
1895,   p.  37. 

DRAINAGE   CHANNEL;   The   Chicago   Main  . 

The  Willow  Springs  division,  giving  details  of  the  diversion  of  the  Des- 
plaines River  and  excavation  in  easy  and  hard  soils.  Sixth  and  eighth  pa- 
pers. Illustrated.  —Eng.  News,  June  27,  1S95,  p.  415,  and  July  11,  1895, 
p.  22. 

DRAINAGE  CHANNEL.  The  Chicago   Main  . 

Third  paper,  describing  the  excavations,  bridges,  dredges  and  their  ma- 
chinery of  the  Summitt  Division.  —Eng.  News,  June  6,  1895,  p.  363. 

DRAINAGE  of  the  Haarlem  Meer,  Holland. 

History  and  description  of  this  work  and  of  the  pumping  plant.  Illustrated. 
—Lon.   Eng.,   March  8,   1895.  I 

DRAINAGE  of  Houses. 

See  SANITATION. 

DRAINAGE   of  New  Orleans. 

Peculiar  complications  resulting  trum  topographical  features,  the  general 
surface  being  a  practical  level  which  is  considerably  below  the  Mississippi 
River,  and  even  below  Lake  Ponchartrain  and  the  Gulf.  Extensive  investi- 
gations and  general  olans  formed  for  drainage  by  the  aid  of  pumping  sta- 
tions. Illustrated.  —Eng.  Rec,  May  25,  1895,  p.  454.  Eng.  News,  May  30, 
1895,  p.  356. 

DRAINAGE  of  the  Znyder  Zee. 

General  plans  and  intended  effects.— Lon.  Eng.,  Jan.  18,  1895.  Sci.  Am. 
Sup.,  Feb.  16,  1895. 

DRAINAGE  of  the   Znyder  Zee,  Holland. 

General  plans   and   their  effects.— Lon.  Eng.,  Jan.  18,  1895. 

DRAINAGE,   Snhsewer  . 

Methods  for  discharge  of  sewage  in  basements  below  the  sewer  level.  Il- 
lustrated. —Eng.    Rec,    Sept.   14,   1895,    p.   282. 
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DRAINAGE  System  of  the  Valley  of   Mexico. 

Topography  of  the  valley,  and  plans,  purposes  and  effects  of  the  system. 
Don  M.   Romero.  —Eng.   Mag.,    Jan.,  1895. 

DRAINAGE   TUNNEL,  and  Electric  Plant   at   the   Ontario   Mine,  Utah. 

Tunnel  about  three  miles  long,  costing  $30  per  foot.  The  water  drained 
from  the  mine  is  utilized  in  developing  power  for  transmission  to  the  mine 
for  electric  lighting.  C.  R.  McKay.  —Eng.  Mag.,  Vol.  IX,  No.  6,  p.  1079. 

DRAINAGE  with  a  Scouring-  Dredge. 

Excavating  in  the  pens  of  Lincolnsnire,  England,  by  means  of  a  scouring 
dredge  that  loosens  deposits  in  shallow  streams  which  floods  transport  to 
sea.  —Lon.,   Eng..   July  5,   1895,   p.   18. 

DRAINAGE  WORKS   of  Paris. 

The  new  construction  and  plan  which  consists  in  intercepting  the  sewage 
formerly  discharged  into  the  Seine  and  carrying  it  through  a  main  sewer, 
crossing  the  Seine  three  times,  to  the  sewage  farms  at  Acheres.  — Lon.  Eng., 
April  26,  1895,  p.  529. 

DRAWING  for  Engineers. 

Some  fundamental  principles  and  facts.  Prank  Aborn.  —Jour.  Ass'n  Eng. 
Socs.,  Vol.  XIV,  No.  6,  p.  541  (1895).    Sci.  Am.   Sup.,   Sept.   14,  1895,   p.  16,428. 

DRAWING  for   Engineers . 

Some  fundamental  principles  and  facts.  Frank  Aborn.  —Jour.  Ass'n  Eng. 
Socs.    Vol.    xiv,  No.   6,   p.   541,   1895. 

DRAWING,  Mechanical  . 

See  ENGINEERING  EDUCATION. 

DRAWINGS. 

The  proper  method  of  projection  in  mechanical  drawings,  with  compari- 
son of  the  first  and  third  angle  method  and  list  of  colleges  using  the  third 
angle  method.  —Am.  Mach.,  April  11,  1895. 

DREDGE;    Agitating . 

Abstract  of  article  describing  the  dredge  used  in  the  drainage  of  the 
Lincolnshire     fens.    Illustrated.— Eng.   Rec,  July  27,   1895,  p.  148. 

DREDGE  ;An    Ocean-going    Hydranlic . 

Details  of  the  new  dredge  for  the  Galveston  work.  —Eng.  News,  Aug.  8. 
1895,  p.  91. 

DREDGE;   A    Scouring   . 

See    DRAINAGE. 

DREDGE    for    the    Danube    Regulation  Works . 

The  hopper  dredge  "Percy  Sanderson,"  holding  1250  tons  of  debris  and 
provided  both  with  steel  buckets  and  a  suction  pump.  Illustrated.  —Lon. 
Eng.,  Aug.  9,  1895,  p.  178. 

DREDGE,  The   Hussey   Delivering  . 

Excavation  by  buckets  delivering  into  a  hopper,  thence  discharged  by  at- 
mospheric pressure  into  a  vacuum  chamber,  whence  it  is  discharged  by 
steam  pressure  through  the  delivery  pipe.  Illustrated.  — Eng.  News,  June 
13,   1895,  p.   379. 

DREDGE,  Hydranlic   ■ . 

As  built  for  works  of  improvement  at  the  junction  of  the  Red,  Atchafalaya 
and  Mississippi  Rivers,  and  having  some  novel  features.  Illustrated.  Re- 
port of  Chief  of  Engineers,  U.  S.  A.,  1894,  p.  2976. 

DREDGE,  Suction   . 

Plans  and  details  of  the  most  powerful  hydraulic  dredge  yet  built.  Ca- 
pacity 1600  cu.  yds.  per  hour.  Well  illustrated.  Eng.  Rec,  Dec.  14,  1S95,  p. 
21. 

DREDGES   and   Dredging. 

Different  methods  Of  handling  dredged  material  and  of  excavation  and  dif- 
ferent types  of  dredges.  Comprehensive  and  instructive  editorial.  —Eng. 
News,  June  13,  1895,  p.  384. 
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DREDGING,  Cost  of  . 

Table,  with  description,  showing  the  cost  on  the  Lower  Danube  to  be  about 
4  cents  per  cubic  yard,  excluding  original  cost  of  plant.  C.  H.  L.  Kuehl.  — 
Proc.  Inst.  C.  E.,  Vol.  119.    Eng.  News,  May  9,  1895,  p.  308. 

DREDGING,  Cost  of  . 

Table,  with  description  showing  the  cost  to  be  about  4  cents  per  cubis. 
yard,  excluding  original  cost  of  plant.  C.  H.  L.  Kuhl.  —Proc.  Inst.  C.  E„ 
Vol.  119. 

DREDGING  With  Compressed  Air. 

The  Moormann  apparatus  as  used  on  the  Weser  river.  The  river  bottom 
is  loosened  and  the  material  driven  upward  by  the  air  jet  and  carried 
away   by   the    current.  — Eng.    News,  Jan.  17,   1895. 

DRILL-PRESS;  Multiple   . 

An  article  in  which  a  very  large  and  well  designed  drill-press  for  boring 
the  rivet  holes  in  boilers  is  fully  described  and  illustrated.— Ztsch.  Ver.  Ing, 
Oct.  5,  1895. 

DRILL.  Rapid  Rock  . 

Details  of  construction  of  the  Optimus  drill,  which  utilizes  for  the  back- 
ward stroke  the  air  used  for  the  forward  stroke,  giving  greater  efficiency 
and  a  saving  of   Compressed   air.  —Don.  Engineer,  Dec.  28,  1894. 

DRILLING  MACHINE  Radical   • 

Made  by  the  Lodge  &  Davis  Co.  Illustrated.  Am.  Mach.,  May  16,  1895,  p. 
384. 

DRILLS. 

See  ELECTRIC  DRILLS,   ROCK  DRILL. 

DRILLS,   Brandt's  Rock   . 

Rotary  drills  driven  by  hydraulic  power  to  be  used  in  the  Simplon  tunneL 
The  design  of  these  drills  illustrated.  — Lon.  Engineer,  January  25,  1895. 
R.  R.  Gaz.,  March  1,  1895.    Sci.  Am.  Sup.,  March  9,  1895. 

DRILLS,  Brandt's  Rock  . 

Rotary  drills  driven  by  hydraulic  power  to  be  used  in  the  Simplon   tunnel. 

The  design  of  these  drills  illustrated.  —Lon.  Engineer,  Jan.  25,  1895. 
DRILLING  MACHINE. 

Baker  Bros',  multiple  spindle  drilling  machine.  Illustrated.  —Am.  Mach., 
Jan.    10,    1895. 

DRILLING   MACHINE. 

Multiple-spindle  drilling  machine,  made  by  Habersang  &  Zinzen,  of  Dus- 
seldorf.    Illustrated.  —Am.     Mach.,  Feb.  14,  1895. 

DROP   HAMMERS. 

Foundations  for  drop  hammers,  by  Carl  Norland.  Illustrated.  —Am.  Mach., 
Feb.  14,  1895. 

DRY    DOCK    at    Southampton. 

See   HARBOR   IMPROVEMENTS. 

DRY  DOCK  on  the  Tjne  - — . 

The  concrete  Wallsend  dock;  length  545  ft.,  width  88  ft.,  depth  25  ft.  Il- 
lustrated.   John     Thompson.— Proc.  Inst.,  C.  E.,  Vol.  CXXI,  p.  208  (1895). 

DRY  DOCK;  the  Chicago  Ship  Building    Company's   New . 

Total  length,  475  ft.;  width  at  top,  100  ft.,  and  at  floor,  80  ft.;  depth,  20% 
ft.    Illustrated.  —Eng.  News,  July  25,  1895,  p.  50. 

DRY  DOCK;  the  Port  Royal  . 

Length  on  coping,  476  ft.;  width,  126  ft.;  depth,  26  ft.  General  description. 
Illustrated.— Eng.    Rec,    Oct.    5,    1895,  p.  327. 

DYNAMO. 

New  Brush  arc  light  machine.    Illustrated.  — Elec.  Eng.,  Feb.  20,  1895. 

DYNAMO. 

Safety  device  for  abnormal  potential.  Illustrated.  —Elec.  Eng.,  Feb.  6,- 
1895. 
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DYNAMO. 

See  ELECTRICITY,  ENGINES. 

DYNAMO.  A  Central    Station 

Advantages  of  the  large  direct-driven  unit  shown.  J.  B.  Cahoon.  — Elec. 
World,   Jan.   5,   1895. 

DYNAMO,  Automatic  . 

Improved  Ball  Automatic  Dynamo.  Illustrated.  —Elec.  Engr.,  March  27, 
1895. 

DYNAMO  and  Engine. 

The  advantage  of  mounting  the  dynamo  directly  on  the  shaft  of  the  engine. 
Present  practice  discussed.  Illustrations  of  many  engines  so  constructed. 
Thomas  G.  Smith,  Jr.  — Cassier,  Feb.,  1895. 

DYNAMO  and  Motor. 

Design  of  Direct  Current — -.  By  Gano  S.  Dunn.  —Elec.  Eng.,  Dec.  12,  1894; 
Power,   Jan.,   1895. 

DYNAMOS  Driven   by  Gas  Engines. 

See  GAS  ENGINES. 

DYNAMOS,  Method  of  Preventing'  Armature  Re-action. 

By  H.  J.  Ryan  and  M.  E.  Thompson.  Abstract  of  paper  read  before  the 
American  Institute  of  Electrical  Engineers.  Illustrated.  — Elec.  Engr., 
March  27,  1895. 

DYNAMOMETER  Absorption. 

New  forms.     W.  P.   M.  Goss.     Illustrated.  —Safety  "Valve,  July  15.  p.  31. 

EARTHWORK,   Graphical    Study   of    Hani   of   . 

Method  of  studying  questions  of  this  nature  graphically.  Explanations  with 
diagrams.    Prof.  C.  F.  Allen.    R.  R.  Gaz..  May  24,  1895,  p.  326. 

EDUCATION,  Relation  of  Technical  to  Liberal  . 

A  paper  read  by  C.  M.  Woodward  before  the  Engineers'  Club  of  St.  Louis.  — 
Am.    Mach.,   June   13,   1895. 

EDUCATION,  Relation  of  Technical    to  Liberal   . 

Strong  arraignment  of  those  who  believe  that  in  proportion  as  education 
is  "useful"  it  loses  its  educational  value.  The  true  and  real  scope  of  a 
technical  education  ably  presented.  Dr.  C.  M.  Woodward  . — Jour.  Ass'n. 
Eng.  Socs.,  April,  1895,  p.  352. 

ELASTIC  LIMIT  in   Steel. 

See  STEEL. 

ELASTIC  LIMIT  of  Steel. 

Discussion  concerning  its  significance  and  meaning,  whether  or  not  it 
means  the  "drop  of  the  beam,"  and  its  value.  Wm.  R.  Webster  and  A.  C. 
Cunningham.  —Eng.    News,    July    4,  1895,  p.   11. 

ELASTIC  STRENGTH  of  Gnns. 

Scientific  application  of  formulae  of  mechanics  to  the  determination.  Lieut. 
J.   H.   Glennon,    U.    S.   N.  — Proc.    U.  S.  N.  I.,  Vol  XXL,  No.  1. 

ELECTRIC  and  Steam  Railway. 

Both  classes  of  trains  as  Operated  on  the  railway  of  the  Kentucky  and 
Indiana  Bridge  Co.  Illustrated.  —Eng.  News,  Aug.  29,  1895.  p.  131.  Elec. 
Eng.,  Sept.  11,   1895,  p.  251. 

ELECTRIC   ANNEALING. 

See  IRON,  ANNEALING  OP—,  ELECTRIC  — . 

ELECTRIC  BRAKE  for  Street  Railway  Service. 

The  modified  form  of  the  Sperry  electric   brake    as   now   manufactured.      Il- 
lustrated. —Elec.  Ry.  Gaz.,  Oct.  26,  1895,  p.  322;  St.  Ry.  Rev.,  Nov.,  1895,  p. 
669. 

ELECTRIC  BRAKES  for  Street  Cars. 

Paper  by  G.  Rosch,  read  before  the  Engineering  Society  of  Korlsruhe.  It 
treats  in  a  theoretical  way  of  the  application  of  a  brake  actuated  by  the 
electrical  current  is  the  ordinary  electric  car.— Ztsch.Ver.  Ing,  Aug.  24,  1895. 
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ELECTRIC   CANAL,   STATION   of  St.   Petersburg. 

Descriptive  article  by  A.  G.  Besson,  giving  the  commercial  and  technical  re- 
sults of  the  running  of  this  plant.  — Ztsch  Ver.  Ing.,  Feb.  23,  1895. 

ELECTRIC   CARRIAGE. 

The  Morris  &  Salom  "Electrobats,"  which  took  a  gold  medal  at  the  Chi- 
cago trial.     Illustrated.  — Elec.  Eng.,  Dec.  11,  1895,  p.  577. 

ELECTRIC  CIRCUITS  Resistance  of   . 

Graphical  method  of  finding  the  resistance  of  divided  circuits,  by  W.  E. 
Wines.  —Elec.    Eng.,    April   17,    1S95. 

ELECTRIC  CONDUCTORS. 

Paper  read  before  the  Philosophical  Soc.  by  Prof.  J.  J.  Thomson  on  "A 
method  of  determining  the  conductivities  of  badly  conducting  substances." 
—Elec.  Eng.,  April  17,  1895. 

ELECTRIC    CONDUIT. 

See    CONDUIT,    ELECTRIC    RAILWAY. 

ELECTRIC   CONDUIT,   Tlie  Lenox  Avenue   . 

The  recently  installed  system  of  the  Metropolitan  Traction  Company.  —St. 
Ry.  Gaz.,  April  13,  1S95. 

ELECTRICAL    CONGRESS,    Proceedings    of   tlie    International   . 

General  proceedings  at  Chicago  in  1893,  including  papers  on  Maximum  Ef- 
ficiency of  Arc  Lamps  with  Constant  Watts,  by  Prof.  H.  S.  Carhart.  Under- 
ground Wires  for  Electric  Lighting  and  Power  Distribution,  by  Prof.  D.  C. 
Jackson,  and  a  New  Incandescent  Arc  Light,  Louis  B.  Marks.  —Published  by 
A.  I.  E.  E.,  12  W.  31st  St.,  New  York. 

ELECTRIC  Construction. 

Cast  iron,  cast  steel  and  wrought  iron  considered  in  connection  with  their 
usefulness  for  field  magnet  frames.  Wrought  iron  recommended.  Alton 
D.    Adams.    Discussion.  — Trans.    A.  I.  E.  E.,  Jan.  and  Feb.,  1895. 

ELECTRIC  COMMUTATOR. 

New  form  of  the  Carey-Foster  .    Illustrated..— Elec.    Eng.,    May    8,    1895, 

p.  410. 

ELECTRIC    CRANES. 

An  article  by  E.  Grosse,  in  which  a  large  number  of  electric  cranes  for 
docks  are  described  and   fully  illustrated.— Ztsch.   Ver  Ing.,  July  13,    1895. 

ELECTRIC  CURRENT  Curves. 

See  ALTERNATING  CURRENT  CURVES,   MOTOR. 

ELECTRIC    DEVICES. 

Non  magnetic  .    By  W.   E.    Iris.    Illustrated. —Elec.    Eng.,    May    S,    1S95, 

p.  407. 

ELECTRIC  DISTRIBUTION  by  Monoclinic  System. 

Abstract  of  paper  read  by  Dr.  Louis  Bell  at  the  Cleveland  Convention  of  the 
National  Electric  Light  Association.  —Elec.  Engr.,   March,   1895. 

ELECTRIC   Drills. 

Canadian  General  Electric  Percussion  and  Rotary  Drills.  —Illustrated. 
Elec.  Eng.,  Jan.  20,  1895. 

ELECTRIC  DRILLS.  The  Siemens  and    Holslce   . 

Difficulties  of  design,  with  details  of  drill,  as  now  made.  Illustrated.  W. 
Meissner.  — E.  and  M.  Jbur.,  Sept.  21.  1895,  p.  275. 

ELECTRIC-DRIVEN     Macbines. 

The  advantage  of  direct  application  by  the  motor  of  the  power  often 
amounting  to  an  economy  of  50  per  cent.  Illustrated.  W.  E.  Hall.  — Cas- 
sier,  Feb.,  1895. 

ELECTRIC  ELEVATED  RAILAVAY. 

See  ELEVATED  RAILWAY. 

ELECTRIC  ENERGY,  Per  Pound  of  Coal. 

Report  of  the  committee  of  the  National  Electric  Light  Association  on  the 
number  of  watts  produced  per  pound  of  coal  by  various  kinds  of  equipments 
in  different  plants.  —Elec.   Engr.,  Feb.  27,  1895. 
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ELECTRIC  ENERGY,  Storage  of 

Essential  to  economy  of  working  stations.    Reasons  and  results.    By  Nelson  " 
W.  Perry.  — Elec.  World,  March  2,  1895. 

ELECTRIC  EQUIPMENT  of  Elevated   Railway. 

See  ELEVATED   RAILWAY. 

ELECTRIC  Ferry  Service. 

The  eight  boats  and  their  electric  equipment   as   used    at    Bergen,    Norway. 
Illustrated.  —Elec.  World,  May  11,  1895,  p.  553. 

ELECTRIC   FIRE   ALARM   and   Police  System. 

The    Walter   combination.    Illustrated.  —Elec.  Engr.,  March  27,  1895. 

ELECTRIC    Furnace. 

A  novel  electric  furnace  for  heating  iron  ships.  Illustrated.  —Elec.  Eng., 
Jan.  30,  1895. 

ELECTRIC   GENERATOR. 

The  Cox  Thermo  for  the  conversion  of  heat  directly  into  electricity.  Il- 
lustrated. —Elec.  Eng.,  May  1,  1895,  p.  383. 

ELECTRIC  HAULAGE   at  Earnock   Colliery  . 

Generating  plant,  electric  hauling  engines  and  their  working  in  this  British 
work.    R.  Robertson.— Proc.  Inst.,  C    E.,  Vol.  CXXI,  p.  47  (1895). 

ELECTRIC  HEATERS 

London    Theatre.    Illustrated.  —Elec.  Engr.,  March  27,  1895. 

ELECTRIC   HEATING. 

Its  development,  practicability  and  cost.  J.  C.  Wilson.  With  discussion. 
—Proc.    Eng.    Club.,    Phila.,    Vol.    XII,  No.  2,  p.  152  (1895). 

ELECTRIC  HEATING  and  Cooking. 

Shown  to  be  neither  impracticable  nor  too  costly  for  serious  consideration. 
Illustrated.  —Elec.  Rev.,   May  3,  1895. 

ELECTRIC  Laboratories. 

Their  equipment  as  needed  in  engineering  schools.  Prof.  D.  C.  Jackson. 
Serial.  —Elec.  Rev..  June  21,  1895,  p.  777,  et.  seq. 

ELECTRIC  LABORATORY  of  London. 

The  recent  installation,  with  its  arrangement,  instruments  and  details  Of 
operation.    Illustrated.  —Elec.    Rev.,  June  7,  1895,  p.  707. 

ELECTRIC  Lanterns. 

The  use  of  the  electric  light  in  lantern  projection.  Abstract  of  an  illustrated 
lecture  before  the  New   York  Electrical  Society,  —Elec.  Eng.,  Jan.  30,  1895. 

ELECTRIC   Launches,   Illustrated. 

Elec.  Eng.,   Oct.   16,   1895,  p.  366. 

ELECTRIC  LIGHT. 

Incandescent  Lamp.  Its  manufacture  in  general  and  in  detail.  Illustrated. 
Extensive  popular  description.  Manning  K.  Eyre.  — Elec.  World,  Jan.  5, 
1895. 

ELECTRIC  LIGHT. 

Incandescent    Lamp.    Process   of   making .    Illustrated.  —Elec.   Eng.,   Jan. 

2,   1892. 

ELECTRIC   LIGHT. 

Sf-e    INCANDESCENT    LAMP. 

ELECTRIC    LIGHT    AND    RAILWAY    PLANT. 

The  Electric  Storage  Battery  Co.'s  plant  at  Merrill,  Wis.  Illustrated.  — 
Elec.  Engr.,  March  13,  1895. 

ELECTRIC  LIGHT   Carbons. 

Effect  of  different  carbons  on  the  candle  power  of  arc  lamps.  Paper  read 
by  L.  B.  Marks  at  the  Cleveland  convention  of  the  National  Electric  Light 
Association.  —Elec.  Engr.,  Feb.  27,  1895. 

ELECTRIC  LIGHT  Central  Station  at  Leicester,  England. 

Use  of  high  tension  alternating  currents  generated  at  a  distance,  with  un- 
derground transformer  sub-stations  to  supply  distributing  mains  at  low 
voltage.    Illustrated.  —Elec.     World,  June  1,  1895,  p.  629. 


xxxvi  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

ELECTRIC  LIGHT  of  New  York  Harbor. 

Details  of  the  lighting  of  Gedney's  channel,  and  contemplated  extension 
of  the  lighting.    Illustrated— Sci.   Am.   Sup.,   Oct.   12,   1895,  p.  16,488. 

ELECTRIC  LIGHT  Plant 

at    Yarmouth,    Eng.    Illustrated.    — Elec.  Eng.,  Jan.  30,  1895. 
ELECTRIC  LIGHT  PLANT. 

Logansport,  Ind.,  operated  by  a  combination  of  steam  and  water  power. 
Illustrated.  —Elec.  Engr.,  March  27,  1895. 

ELECTRIC   LIGHT   PLANT 

Of  the  Chicago  Stock  Yards.    Illustrated.  —Elec.  Eng.,  May  15,  1895,  p.  432. 

ELECTRIC   LIGHT   PLANT 

Of  the  Los  Angeles  Electric  Co.    Illustrated.  —Elec.  Eng.,  April  17,  1895. 

ELECTRIC  LIGHT  Plant. 

See   ELECTRIC    LIGHT    STATION,     ELECTRIC     LIGHTING,     ENGINES, 
LLUMINATION,    LAMP. 
ELECTRIC  LIGHT  Plant. 

The    Chicago    Edison .    Illustrated.  —Am.    Mach.,   Jan.,    1895. 

ELECTRIC  LIGHT  Plant. 

The  extensive  and  excellent  combined  alternating  and  direct  current  instal- 
lation of  Budapest,  Hungary.  Complete  illustrated  description.  —  Elec. 
World,  June  8,  1895,  p.  653. 

ELECTRIC   LIGHT   Plant. 

The  installation  of  the  Fidelity  and  Casualty  Company,  New  York.  —Elec. 
World,  April  20,  1895. 

ELECTRIC  LIGHT  Plant. 

The  municipal  light  plant  at  South  Norwalk,  Conn.  — Elec.  Eng.,  Jan.  30, 
1895. 

ELECTRIC  LIGHT  Plant. 

The  new  plant  of  the  Cleveland  Electric  Illuminating  Co.  Illustrated.  — 
Elec.   Eng.,   Feb.  20,   1S95. 

ELECTRIC  LIGHT   PLANT 

Wilkesbarre  Electric  Light  Co.,  by  J.  H.  Vaile.  Illustrated.  —Elec.  Eng., 
Sept.  25,   1895,  p.  293. 

ELECTRIC  LIGHT  Plant  Boilers. 

The  water  tube  boilers  of  the  largest  municipal  electric  light  plant  in  the 
country,    at   Detroit,    Mich.    Illustrated.  —Eng.  News,  June  20,  1895,  p.  395. 

ELECTRIC  LIGHT  Plant  of  Cheltenham,  England. 

System  using  the  high  pressure  alternating  current,  with  transformer  sub- 
stations.   Illustrated.  —Elec.   Rev.,     May  31,   1895,  p.   672. 

ELECTRIC  LIGHT,  Reducing  the   Cost  of  . 

The  great  discrepancy  between  theoretical  and  actual  efficiency  may  be 
lessened  by  regularity  of  operation;  this  may  be  secured  by  lowering 
rates  or  the  making  of  by-products  during  slack  hours.  Nelson  W. 
Perry.  —Eng.  Mag.,  April,  1895. 

ELECTRIC  LIGHT   Specifications 

See    SPECIFICATIONS. 

ELECTRIC  LIGHT  Station. 

Municipal at     Frankfort-on-the-Main.    Illustrated. —Elec.    Eng.,    Jan.    9, 

1895 

ELECTRIC    LIGHT    STATION 

Of  the  Citizens'   Electric  Illuminating    Co.,     Brooklyn.      Illustrated. —Elec. 
Eng.,  April  17,   1895. 
ELECTRIC   LIGHT   Station. 

See  ELECTRIC  LIGHT  PLANT,   ELECTRIC    LIGHTING,    ENGINES. 

ELECTRIC  LIGHT   Station. 

The  best  mechanical  and  electrical  equipment  and  combination  from  prac- 
tical considerations  and  condition  s  existing  in  an  English  provincial  town. 
R.    A.    Dawbarn.  —Elec.    Rev.,    Mar  ch  29,    1895. 
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ELECTRIC  LIGHT  Station. 

The  central  station  of  Chemnitz.  Details  of  boilers,  engines,  dynamos  and 
service  of  this  three-phase  system.  Illustrated.  — Blec.  Rev.,  May  10,  1895, 
p.  572,  et  seq. 

ELECTRIC  LIGHT  Station  in  Budapest. 

A  well  illustrated  article  by  Th.  Stort,  describing  the  above  large  plant. — 
Ztsch.  Vering.,  June  29,  1S95. 

ELECTRIC  LIGHT  Station  of  Edinburgh,   Scotland. 

The  extensive  new  works.  Plans  and  details  of  the  low  tension  system  for 
a  part  of  the  city,  and  the  high  tension    system   for   the   other   part.      Illus-  , 
trated.  — Elec.  Rev.,  Aug.  16.  1895,  p.  197. 

ELECTRIC  LIGHT  Stations. 

New  methods  used  in  central  stations  as  illustrated  by  Belfast  and  Leices- 
ter. —Elec.  Rev.,  April  26,  1895,  p.  505. 

ELECTRIC  LIGHT  Tower. 

Novel  design  of  in  Bilboa  and    Chicago.        Illustrated.  —Elec.        Engr., 

March  6,   1895. 

ELECTRIC  LIGHT  Works. 

Three  English  plants  ■ ,  the  high  pressure   alternating  system  of   Halifax 

and  the  low  tension  three-wire  continuous  current  system,  with  accumula- 
tors, of  Nottingham  and  Dewsbury.  Well  illustrated.  —Elec.  Rev.,  Feb.  1, 
1895. 

ELECTRIC   Lighthouse. 

The  temporary  provision  for  light  during  installation,  and  the  lens  and 
electric  equipment  for  Fire  Island  light  at  the  New  York  harbor  en- 
trance.  Elec.  World.,   Feb.   16,   1895. 

ELECTRIC  LIGHTING 

Of  the  New  York  and  Brooklyn  bridge  cars.  Illustrated.  —Elec.  Eng.,  April 
10,  1895. 

ELECTRIC  LIGHTING. 

See  ELECTRIC  LIGHT  PLANT,  ELECTRIC  LIGHT  STATION,  ELEC- 
TRIC PLANT,  LIGHT,  ILLUMINATION,  LAMP'  SPECIFICATIONS, 
STREET  LIGHTING,  WATER  WORKS. 

ELECTRIC  LIGHTING. 

System  to  be  used  on  the  cars  of  the  Brooklyn  Bridge,  New  York,  with 
details.    Illustrated.    St.     Ry.     Gaz.,  Feb.  2,  1895. 

ELECTRIC  LIGHTING  of  the  British   Houses  of  Parliament. 

The  direct  current  incandescent  light  system  explained.  Illustrated.  — Lon. 
Engineer,  April  26,   1895,  p.  361. 

ELECTRIC  LIGHTING   of   Edinburgh. 

Districts,  station,  boiler  house,  engine  room  and  general  equipment.  Illus- 
trated serial.  —Lon.  Eng.,  Nov.  8.,  1895,  p.  573,  et    seq. 

ELECTRIC  LIGHTING  Engines. 

The  Siemens  and  Halske  installation  at  Vienna,  Austria.  Interesting  de- 
scription, well  illustrated,  of  engines  especially  designed  to  reduce  all 
troubles  arising  from  vibration.  —Lon,  Eng.,  Feb.  22,  1895. 

ELECTRIC  LIGHTING  of  Manchester,   England. 

The  distribution  system,  insulation,  switchboards,  engines,  dynamos  and 
boilers,  for  18,600  incandescent  lamps,  with  some  arc  lamps  and  motors. 
John    Hopkinson.  — Proc.    Inst.    Mech.  Eng.,  July,  1894. 

ELECTRIC  LIGHTING  of  New  York   Harbor. 

Details  of  the  lighting  of  Gedney  channel,  and  contemplated  extension  of 
the  lighting.     Illustrated.  —Lon.  Eng.,  Sept.  6,  1895,  p.  287. 

ELECTRIC  LIGHTING  of  Streets. 

History  of  kerosene  and  gas  lighting,  and  the  advent  and  use  of  the  arc 
and  incandescent  lights.  Illustrated.  Franklin  L.  Pope.  —Eng.  Mag.,  Vol. 
IX,  No.  2,  p.  261  (1895). 

29 


xxxviii  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

ELECTRIC  LIGHTING  of  the  North  Sea-Baltic  Canal. 

Engine  plants  at  Holtenau  and  Brunsbuttel  for  lighting-  the  entrances  and 
transmit  the  current  for  1000  incandescent  lights  along  the  canal.  Illustra- 
ted. — Elec.  World,   June  22,  1895,  p.  709. 

ELECTRIC  LIGHTING  of  the  North  Sea-Baltic  Canal. 

The  power  stations  and  field  equipment.  Illustrated.  C.  Coerper.  —Elec.  Rev., 
June  21,   1S95,  p.  763.     Lon.  Eng.,  Sept.  6,   1895,  p.  292. 

ELECTRIC  LIGHTING     Station  of  Belfast. 

General  description  of  this  plant  erected  by  the  city  for  its  own  lighting. 
Illustrated.— Lon.    Engineer,    Sept.  20,  1895,  p.  278. 

ELECTRIC  LIGHTING   Statistics. 

By  I.   C.  Wood.  —Elec.  Engr.,  March  20,  1895. 

ELECTRIC   LIGHTING   Systems. 

Classification  and  selection  of  .    By    Francis    B.    Crocker.  —Elec.    Eng., 

April  10,  1895. 

ELECTRIC  LOCOMOTIVE. 

See  LOCOMOTIVE. 

ELECTRIC    LOCOMOTIVE;    The    Heilman 

Description  before  the  American  Institute  of  Electrical  Engineers  by  H. 
Ward    Leonard.  — Ry.    Eng'r,    June,  1895,   p.   193. 

ELECTRIC  LOCOMOTIVES  for  the  Baltimore  Tnnnel. 

General  description  of  these  large  and  powerful  engines.  Illustrated.  — St. 
Ry.   Gaz.,  Jan.  5,   1895;  Elec.   World,  Jan.  5,  1895;  St.   Ry.  Jour.,   Jan.,   1895. 

ELECTRIC  LOCOMOTIVES  vs.   Steam   Locomotives. 

By  Wm.  Baxter,  Jr.  —Elec.  Engr.,  March  20,  1895. 

ELECTRIC   Mining. 

See  MINING   BY   ELECTRICITY. 

ELECTRIC   MONOCLINIC   SYSTEM. 

Discussion  by  Dr.  Louis  Bell.  —Elec.  Engr.,  March  13,  1895. 

ELECTRIC  MOTOR. 

Its  advantages  in  the  machine  shop  under  various  conditions.  George 
Richmond.  —Eng.   Rec,  Feb.  16,   1894.    Eng.   News,   Feb.  21  and  28,   1895. 

ELECTRIC  MOTOR. 

New  brought  out  by  the  Triumph     Electric     Co.      Illustrated.  — Power, 

March,  1895. 

ELECTRIC  MOTOR,  Action  of  a  Single-Phase   . 

An  article  by  Frederick  Bedell  and  Harris  J.  Ryan,  giving  equations  and 
results    of    experiments.  —Jour.    Frank.   Inst.,   March,  1895. 

ELECTRIC  MOTOR  for  Machine  Tools. 

See  MACHINE  SHOP  POWER. 

ELECTRIC  MOTORS  Applied  to  Turn-Tables. 

Lecture  by  H.  Cox  before  the  Engineering  Society  of  Wurtemberg,  in  which 
several  applications  of  electric  motors  to  turn-tables  are  described.— Ztsch. 
Ver.  Ing.,  June  15,   1895. 

ELECTRIC  MOTORS.  Wiring  Table-  for   . 

—Elec.  Eng.,  May  15,  1895,  p.  438. 

ELECTRIC   PLANT. 

A  storage  battery  electric  railway  and  lighting  plant.  Illustrated.  —Eng. 
Mech.,  Feb.,  1895. 

ELECTRIC   PLANT. 

Eleven  hundred  horse  power  electrical  transmission  at  the  King  Powder 
Works,  Kings  Mills,  O.  —Power,   Jan.,  1895. 

ELECTRIC   PLANT. 

The  new  Westinghouse  manufactory  at  East  Pittsburg,  Pa.  Buildings, 
power  and  arrangements.  Illustrated  serial.  —St.  Ry.  Gaz.,  June  22.  1895, 
p.  293;  Elec.  World,  June  22.  1895.  t>   713. 
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ELECTRIC  PLANT,   A   Storage  Battery  . 

Instituted  at  Merrill,  Wis.,  for  lighting-  and  street  railway  purposes,  with 
water  as  power,  giving-  greatly  increased  efficiency.  G.  Herbert  Condict. 
— Elec.    World,     Jan.     26,     1895;     St.  Ry.    Gaz.,    Jan.    26,    1895. 

ELECTRIC  PLANT  at  the  Ontario  Drainage  Tnnnel. 

See  DRAINAGE   TUNNEL,. 

ELECTRIC  PLANT,  Power  and  Light   . 

The  high  tension  alternating  current  system  of  Frankfort-on-the-Main, 
Germany.  Extended  illustrated  description  of  the  large  works.  G.  J. 
Melms.  —Elec.  World,  Jan.  26,  1S95. 

ELECTRIC   POWER. 

Original    cost    and    advantages    considered    in      the      application    of to 

isolated  factories.  Examples  cited.  Wm.  A.  Anthony.  — Eng.  Mag.,  Feb. 
1S95. 

ELECTRIC  POAVER. 

Power  consumed  on  electric  railways,  by  G.  Pellissier.  — St.  Ry.  Jour., 
Feb.,    1895. 

ELECTRIC   POAVER. 

See  POWER,  POWER  PLANT.  POWER  STATION,  POWER  TRANS- 
MISSION, PUMPING  PLANT,  STORAGE  BATTERY,  TURBINE,  WIND- 
MILLS. 

ELECTRIC  POWER  Distribution. 

The  Niagara  project  and  comparison  with  cost  of  steam  power.  Extend- 
ed  investigation,    by   F.    L.    Pope.  —Eng.  Mag.,  Vol.  X,  No.  3,  p.  407. 

ELECTRIC    POAVER    Distribution. 

The  use  of  electricity  and  a  single  generator  strongly  urged  for  coal  mines- 
Llewelyn  B.  Atkinson.  —Eng.  Mag.,  Vol.  X,  No.  2,  pp.  236-244  (1895). 

ELECTRIC  POAVER  House. 

Novel  power  house  construction  at  Columbus,  O.,  in  which  the  central 
dome  is  utilized  for  the  smoke  stack  by  using  forced  draft.  —St.  Ry. 
Jt>ur.,  Feb.,  1895. 

ELECTRIC  POAVER,  Industrial  Use   of  . 

At  Los  Angeles,  Cal.  By  G.  H.  Guy.  Illustrated.  —Elec.  Engr.,  March  13. 
1895. 

ELECTRIC  POAVER,  Long  Distance  Transmission  of  . 

First  paper  of  a  series  of  articles  comparing  alternating  with  direct  cur- 
rents, by  Wm.  Baxter,  Jr.  —Elec.  Eng.,  Dec.  4,  1895,  p.  539. 

ELECTRIC   POAVER    Plant 

at   Niagara  Falls.    The   elevator,   power    house     wheel-pit,    regulating    ap- 
paratus,   lubricating   apparatus,   5000  H.  P.  alternators,  rotary  transformers 
and    transformer    house.    —Elec.    World,  Feb.  9,   1895- 
ELECTRIC   Pumping  Plant. 

Extended  account  of  their  extensive  works.  Well  illustrated.  — Lon.  En- 
gineer, Aug.   9,  1895,  p.  133. 

ELECTRIC   POAVER  PLANT 

of  the  North  and  West  Chicago  St.  Ry.  Co.  Illustrated.  —Power,  Sept., 
1895,  p.  1. 

ELECTRIC  POAAER  Plant  at  Syracuse,  N.  Y. 

Boiler  and  engine  rooms,  multipolar  generator  and  other  equipment  of  the 
Syracuse  Street  Railroad  Co.  Illustrated.  —St.  Ry.  Rev.,  June,  1S95,  p. 
358. 

ELECTRIC  POAVER  PLANT.  Three  Phase   System 

Of  the  Vermont  Electric  Co.    Illustrated.  —Elec.  Eng.,  May  15,  1895,  p.  431. 

ELECTRIC   POAVER   PIMPS    for  AVater  Works. 

Their  frequent  applicability  and  superiority  in  connection  with  electric 
power  plants  for  electric  lighting  or  other  purposes.  Monroe,  La.,  San  An- 
tonio, Texas,  De  Kalb,  111.,  and  Canandaigua,  N.  Y.,  cited.  John  M.  Good- 
ell.— Eng.  Rec,  Oct.  5,  1895,  p.  331;  Elec.  World,  Oct.  5,  1895,  p.  365;  Eng. 
News,  Sept.  26,  1895,  p.  198. 


xl  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

ELECTRIC  POWER  Station 

of  the  Allegheny  Traction  Company.  Illustrated.  —St.  Ry.  Jour.,  Feb.,  1895. 

ELECTRIC  POWER  Station. 

Construction  of  a  novel at  Columbus,  O.,  In  which  the  central  dome  has 

been  utilized  for  the  smokestack  by  means  of  forced  draft.  —St.  Ry.  Jour., 
March,  1895. 

ELECTRIC  POWER  Station, 

East   Boston    Electric    Railway.    Illustrated.  — Elec.   Eng.,   Dec.  5,   1S94. 

ELECTRIC  POWER  STATION. 

For  the  Metropolitan  Street  Railway  Co.,  New  York.  Illustrated.  —St.  Ry. 
Jour.,  March,  1895. 

ELECTRIC  POWER  Station 

Of  the  Consolidated  Traction  Co.,  of  New  Jersey.  Illustrated.  — St.  Ry. 
Jour.,  Jan.,  1895. 

ELECTRIC  POWER  Station 

Of  the  Fair  Haven  and  Westville  Railway  electric  system  and  power  sta- 
tion.   Illustrated.  — Elec.   Eng.,    Jan.  16,  1895. 

ELECTRIC  POWER  Station. 

Power  stations  of  the  Cleveland  Electric  Railway.  Illustrated.  —Elec. 
Eng.,    Feb.    20,    1895. 

ELECTRIC  POWER  Station. 

System  of  the  Binghamton  Railway  Co.  Illustrated.  —St.  Ry  Jour.,  Feb., 
1895. 

ELECTRIC  POWER  Station. 

The  North  Chicago  and  Chicago  Electric  Transit  Co.  Illustrated.  —St.  Ry. 
Jour.,   March,   1895. 

ELECTRIC  POWER  STATION  and  Car  Honse 

Of  the  Steenway  Railway  Co.,  Long  Island  City,  N.  T.  Illustrated.  —St.  Ry. 
Jour.,  May,  1895,  p.  303. 

ELECTRIC   POWER  STATION,   Fnel    Consumption  in   . 

See  COAL  CONSUMPTION. 

ELECTRIC  POWER  Transmission. 

A  description  of  the  use  of  electricity  for  driving  the  tools  in  the  Baldwin 
Locomotive   Works.  —Am.   Mach.,  June  6.  1895. 

ELECTRIC  POWER  Transmission. 

Long  distance  three-phase  transmission  as  first  placed  in  operation  by  the 
city  of  Lowell,  Mass.— St.  Ry.  Rev.,  Vol.  5,  No.  9,  p.  539  (1895);  Elec.  Ry. 
Gaz.,    Oct.    12,    1895,   p.   267;   Eng.   News,  Oct.  17,  1S95,  p.  254. 

ELECTRIC  POWER  Transmission. 

Long  distance  transmission,  with  especial  reference  to  mining  operations. 
Principles,  methods  and  limitations.  H.  T.  Haws.  —Electric  Power,  Vol. 
VIII,   No.  3,  p.  254  (1895). 

ELECTRIC  POWER  Transmission. 

The  Pontoma.  Cal.,  plant,  which  transmits  a  current  of  10,000  volts.  Used  for 
electric  lighting  at  Pomona,  13%  miles,  and  San  Bernardino,  28%  miles  dis- 
tant. G.  H.  Winslow.  —Trans.  A.  I.  E.  E..  Vol.  XII,  Nos.  8  and  9,  p.  526 
(1S95). 

ELECTRIC  POWER  Transmission  for  Long  Distance. 

Works  at  Oregon  City,  Oregon,  for  transmission  12  miles  to  Portland.  Il- 
lustrated.—Eng.  News,  Oct.  10,  1895,  p.  247;  R.  R.  Gaz.,  Oct.  11,  1895,  p. 
669;  Elec.  World,  Oct.  12,  1895,  p.  414;  Elec.  Ry.  Gaz.,  Oct.  12,  1895,  p.  270; 
Elec.  Engr.,  Oct.  9,  1895,  p.  341. 

ELECTRIC  POWER  Transmission  for   Long  Distance. 

Works  at  Oregon  City,  Oregon,  for  transmission  12  miles  to  Portland.  Il- 
lustrated. — E.  &  M.  Jour.,  Nov.  2,  1S95,  p.  420;  Lon.  Engineer,  Nov.  8,  1895, 
p.    447. 

ELECTRIC     POWER     Transmission   Plant    at    Folsom,    California. 

See  PUMPING  PLANT. 
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ELECTRIC  POWER  Works  and  Transmission. 

The  Sacramento-Folsom  plant  in  California.  The  power  is  furnished  by 
water  stored  by  a  masonry  dam  in  the  Republican  River.  — Elec.  World, 
April  6,  1S95.    Eng.  Rec,  May  25,  1S95. 

ELECTRIC   PROPELLOR. 

Boats,  made  by  the  Electric  Boat  Co.    Illustrated.  —Elec.    Engr.,    March   20, 
1895. 
ELECTRIC   RAILWAY. 

Construction  of  the  Mount  Holly  Branch  of  the  Pennsylvania  R.  R.  Illus- 
trated. —St.  Ry.  Jour.,  Aug.,  1S95,  p.  525. 

ELECTRIC   RAILWAY. 

Knight's  three-wire  system  for  electric  railways.  Illustrated.  —Elec.  Eng.. 
March   29,    1895. 

ELECTRIC  RAILWAY 

Of  the  Hestonville,  Mantua  tnd  Fairmount  Passenger  Railway  Co.,  at 
Philadelphia,     Pa.    Illustrated.  —Elec.  Eng.,   Jan.   9,    1895. 

ELECTRIC  RAILWAY 

Of  the  People's  Traction  Company  at  Philadelphia,  Pa.  Illustrated.  — St. 
Ry.  Jour.,  Jan.,  1895. 

ELECTRIC   RAILWAY. 

System  of  the  Detroit  Citizen's  Street  Railway  Co.  Illustrated.  —St.  Ry. 
Jour.,  Sept.,  1895,  p.  559. 

ELECTRIC  RAILWAY. 

System  at  Niagara  Falls.    Illustrated.— St.  Ry.  Jour.,  Oct.,  1895,  p.  623. 

ELECTRIC   RAILWAY. 

The  Beecher  Single  Rail   System.    Illustrated.  —Elec.  Engr..  March  13,  1895. 

ELECTRIC  RAILWAY. 

The  Grant  conduit  system  for  placing  trolley  wires  underground.  Illustra- 
ted. —Elec.    Eng.,   April  10,   1895. 

ELECTRIC  RAILWAY. 

The   Siemens    electric   railway   work    at    Hobart,      Tasmania.      Illustrated. 
—Elec.    Eng., Jan.    30,    1895. 
ELECTRIC   RAILWAY. 

The  supplementary  wire  for  electric  railway  work,  by  Jno.  C.  Henry. 
—Elec.    Eng.,    Jan.    30,    1895. 

ELECTRIC   RAILWAY. 

The  new  storage  battery  system  on  the  Madison  Ave.  line,  New  York.  Il- 
lustrated. —Elec.    Eng.,   Nov.   27,   1895,  p.  513. 

ELECTRIC  RAILWAY  at  Orange,  N.    J. 

Different  details  of  the  Suburban  Traction  Company's  lines  of  5  ft.  2%  in. 
gauge.  Grades  from  5  to  10  degrees;  sharpest  curve  45  ft.  radius. —St.  Ry. 
Gaz.,  May  11,  1895,  p.  195. 

ELECTRIC  RAILWAY;  Buffalo  and  Niagara   Falls   . 

Route,   equipment  and  general  features   of  this  important  undertaking,   re- 
cently   completed.    Illustrated.— St.  Ry.  Rev.,  Vol.  5,  No.  10,  p.  625  (1895). 
ELECTRIC   RAILWAY,   Cable   — . 

Its  advantages  shown  by  the  Monte  Salvatore  Railway.  —St.  Ry.  Gaz., 
March  9,   1895. 

ELECTRIC  RAILWAY  Car  Heating. 

Paper  read  by  J.  F.  McElroy  before  the  N.  Y.   State   St.   Ry.  Assoc.    Illus- 
trated.—St.  Ry.   Jour.,  Oct.,   1895,  p.  646. 
ELECTRIC  RAILWAY  Cars. 

St.  Ry.  Jour.,  March,  1895. 

ELECTRIC   RAILWAY    Conduit. 

Electric  conduit  construction  of  the  Metropolitan  Street  Railway  Co.,  New 
York.  —St.  Ry.  Jour.,  Feb.,  1895. 

ELECTRIC  RAILWAY  Conduit. 

See  ELECTRIC  CONDUIT. 
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ELECTRIC  RAILWAY  Conduit   System. 

The  recently  constructed  system  of  the  Metropolitan  Company,  of  Washing- 
ton, D.  C.  The  electric  conduit  and  its  new  features.  Illustrated  serial.  — 
Elec.  Ry.  Gaz.,  Nov.  2,  1895,  p.  327,  et.  seq.;  Elec.  World,  Nov.  16,  1895,  p. 
541. 

ELECTRIC  RAILWAY  Conduits. 

See  CONDUITS. 

ELECTRIC  RAILWAY  Counterweight   System. 

The  Kuhlmann  device  of  assisting  electric  cars  on  heavy  grades  by 
counterweights  on  a  sub-surface  track.  Full  description  of  the  work  as 
adapted  to  the  College  Hill  line  at  Providence,  R.  I.  Illustrated.  —St.  Ry. 
Rev..  April.  1895. 

ELECTRIC  RAILWAY,  Description  of   . 

Illustrated  description  of  the  power  plant,  rolling  stock,  track  equipment, 
etc.,  of  the  Lowell,  Lawrence  and  Haverhill  Street  Railway.  —St.  Ry.  Jour., 
July,   1895. 

ELECTRIC   RAILWAY,   Elevated   . 

See  ELEVATED  RAILWAY. 

ELECTRIC  RAILWAY  Equipment . 

That  of  the  Baltimore  Belt  Line  tunnel.  Illustrated.  — R.  R.  Gaz.,  July  19, 
1895.  p.  480. 

ELECTRIC   RAILWAY  Equipment. 

That  of  the  Baltimore  Belt  Line  tunnel.  Illustrated.  — R.  R.  Gaz.,  July  19, 
1895.  p.  480.  St.  Ry.  Jour.,  July,  1895.  Sci.  Am.  Sup.,  Aug.  10,  1895,  p. 
16.346. 

ELECTRIC  RAILWAY  Feeder   Cable. 

Practical  notes  on  feeder  cables  for  electric  railways,  by  M.  Ward  Easby. 
—St.  Ry.  Jour..  Feb..  1895. 

ELECTRIC    RAILWAY,    North    Hudson  County   . 

The  line,  equipment  and  power  station  of  this  Hoboken,  N.  J.,  railway. 
Its  steam  and  horse  power  equipment  on  a  portion  of  its  lines.  Illustrated. 
St.  Ry.  Gaz.,  May  4,  1895,  p.  179. 

ELECTRIC  RAILWAY  of  Bristol,  England. 

The  new  installation,  with  map  of  route  and  sketch  of  rail  sections.  — Lon. 
Engineer,   March  8,   1895. 

ELECTRIC  RAILWAY  of  Electric  Traction  Co.,  Philadelphia. 

The  two  power  stations  and  their  equipment,  handling  of  coal,  description 
of  line  and  general  details.  Illustrated  serial.  —St.  Ry.  Gaz.,  June  15,  1895. 
p.  276,  et  seq. 

ELECTRIC   RAILWAY  Operation. 

Service  on  a  25^  per  cent,  grade  in  San  Francisco  secured  by  an  endless 
cable  working  on  two  sheaves,  one  at  top  and  one  at  bottom  of  grade. 
The  weight  of  a  descending  car  so  counterbalances  that  of  the  ascending 
car  on  the  other  track.— St.  Ry.  Rev.,  Vol.  5.  No.  9,  p.  525  (1895). 

ELECTRIC  RAILWAY  Overhead  Appliances. 

Their  strains  and  work  considered  in  deducing  sizes,  shapes,  dimensions 
and  other  characteristics  necessary  to  secure  a  good  equipment.  A.  G. 
Eneas.  —Elec.  World.  Feb.  2,  1895. 

ELECTRIC  RAILWAY  Overhead  Construction. 

Setting  and  construction  of  the  iron  poles,  feed-line  construction,  insula- 
tion, &c,  of  the  Chicago  companies.    Illustrated.  —St.  Ry.  Rev.,  Feb.,  1895. 

ELECTRIC  RAILWAY  Plant 

at    Secaucus,    N.    J.    Illustrated.  —St.   Ry.   Jour.,   Aug.,   1895,  p.   495. 

ELECTRIC  RAILWAY  Power  Plant. 

The  installation  at  Allentown,  Pa.  Illustrated.  —St.  Ry.  Gaz.,  March  30, 
1S95. 

ELECTRIC    RAILWAY   Power    Station. 

See  POWER  STATION. 
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ELECTRIC    RAILWAY  Power    Station. 

See  POWER  STATION. 

The  street  railway  system  of  Buffalo,  with  illustrations  of  power  house  and 

ELECTRIC    RAILWAY  Power    Stations. 

See  POWER   STATIONS. 

ELECTRIC  RAILWAY,   Rail   Bond   for   . 

A  perfect  bond  using  a  plastic  compound  which  has  stood  a  test  of  four 
years  without  increase  of  drop,  and  will  carry  1500  amperes.  By  Harold  P. 
Brown.  —St.  Ry.  Rev.,  March,  1895.    St.  Ry.  Gaz.,  March  23,  1895. 

ELECTRIC  RAILWAY,  Rail  Bond  for  . 

Effect  of  on  electrolytic  action.  — Elec.  Engr.,  March  20,  1895. 

ELECTRIC   RAILWAY  Repair  Shops. 

Design  and  equipment  of  repair  shops  for  electric  railways,  by  H.  P. 
Merriam.       Illustrated.  —St.     Ry    Jour.,   April,   1895. 

ELECTRIC  RAILWAY,  Schenley  Parle  and  Highlands   . 

Location,  line,  bridges,  power  house,  boiler  room  and  general  features  of 
this    Pittsburg    railway.    Illustrated.  —St.   Ry.  Gaz.,  May  25,  1895,  p.  227. 

ELECTRIC  RAILWAY  Specifications. 

As  drawn  for  the  Waukesha  Beach  Electric  Railway.  Applicable  to  less 
extensive  lines.  — Eng.    News,   Jan.  24,  1S95. 

ELECTRIC  RAILWAY  System. 

At  Lyons.    France.    Illustrated.  —St.  Ry.  Jour..  March.  1S95. 

ELECTRIC  RAILWAY  System  of  Hartford,  Conn. 

Illustrated.  —St.    Ry.   Jour.,    May,    1S95,   p.   279. 

ELECTRIC  RAILWAY  System  of  St.    Louis. 

Illustrated.  —St.  Ry.  Jour.,  June,  1895,  p.  347. 

ELECTRIC    RAILWAY    Terminals. 

At  the  Market  street  ferry,  San  Francisco,  Cal.  Illustrated.  —St.  Ry.  Jour., 
March,  1895. 

ELECTRIC  RAILWAY  Test. 

Paper  by  Jesse  M.  Smith,  describing-  a  test  made  on  the  power  plant  of 
Interesting  details  of  this  new  underground  railway  of  London.  Methods 
the  Wyandotte  and  Detroit  River  R.  R.  —Trans.  A.  S.  M.  E,  Vol.  XV  (1894), 
p.  730. 

ELECTRIC  RAILWAY,  Test  of  an  . 

Results  of  a  test  made  on  the  line  of  the  Richmond  &  Southside  Electric 
Railway  by  A.  Langstaff  Johnston.  Jour.  Frank.  Inst.,  Aug.,  1895,  p.  135. 

ELECTRIC  RAILWAY;  the  Bristol,  England,   . 

Full  description  of  this  recently  completed  railway.  Equipment  carried  out 
mainly  on  American  lines;  details  of  the  new  trolley  used.  Well  illustrated. 
—Elec.    Rev.,   Oct.   11,   1895,   p.   442. 

ELECTRIC  RAILWAY,  The  Detroit  and  Mount  Clemens   . 

General  description;  curvature  small  and  grades  light,  with  heavy  rolling 
stock.    Illustrated.    St.  Ry.  Gaz.,   May  4,  1895,  p.  182. 

ELECTRIC  RAILWAY,  The  Dublin   Southern  District   . 

Installation  combining  the  use  of  three-phase  and  continuous  current 
plant.  — Lon.  Eng.,   May  10,   1895,  p.  617. 

ELECTRIC  RAILWAY,  The  Lenox  Avenue  Conduit   . 

The  conduit  and  track,  power  house  and  rolling  stock.  Illustrated.  —St.  Ry. 
Jour.,  July,  1895.  St.  Ry.  Rev.,  July.  1895,  p.  401.  St.  Ry.  Gaz.,  June  29, 
1895.  p.  317.     Lon.  Engineer,  Aug.  16,    1895,    p.    155. 

ELECTRIC  RAILWAY;  the  Nantasltet  Beach . 

Changing  the  line  from  steam  equipment     to    that    of    electricity.      Power 
house,  rolling  stock  and  general  details.    Illustrated.  —Eng.    News,    Aug.    1, 
1895,  p.  77. 
ELECTRIC  RAILWAY,  The  Nantasket  Beach   . 

Changing  the  line  from  steam  equipment  to  that  of  electricity.  Power 
house,   rolling  stock  and  general  details.     Illustrated.  —Elec.   World,   July  6, 
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1895,  p.  22.  Eng.  News,  Aug.  1,  1895,  p.  77.  Elec.  Ry.  Gaz.,  July  6,  1895, 
p.  10.     Am.  Mach.,  July  25,  1895,  p.  581. 

ELECTRIC  RAILWAY,  Tlie  New  Orleans  Traction   Company. 

114  miles  of  line  equipped  with  electricity.    Details  of  the  change,  of  general 
construction  and  of  the   territory  covered.     Serial.     Illustrated.     W.  Nelson 
Smith.  —Elec.  Ry.  Gaz..  Nov.  16,  1895,  p.  364,  et.  seq. 
ELECTRIC   RAILWAY;   the    Snaefell  Mountain   . 

Length  five  miles;  grade,  one  in  twelve.  Details  of  the  line,  power  station 
and    equipment.    Illustrated.— Elec.  Ry.  Gaz.,  Sept.  28,  1895,  p.  209. 

ELECTRIC   RAILWAY,   The    Snaefell   Mountain   . 

Length  five  miles;  grade,  one  in  twelve.  Details  cf  the  line;  power  station 
and    equipment.      Illustrated.  —Elec.  Rev..   Sept.   13,   1895. 

ELECTRIC  RAILWAY;  the  Waterloo    and    City . 

of  tunneling,  with  plans  and  details  of  the  work  and  its  progress.  Illus- 
trated  serial.  —  Lon.   Engineer,   July  26,  1S95,  p.  85.  et  seq. 

ELECTRIC  RAILWAY,  The  Waterloo   and  City  Underground  . 

Interesting-  details  of  this  new  London  railway.  Methods  of  tunneling, 
with  plans  and  details  of  the  work  and  its  progress.  Illustrated  serial.  — 
Lon.  Engineer,  July  26,  1895,  p.  85,  et  seq.  Sci.  Am.  Sup.,  Sept.  7,  1895,  p. 
16,414,  et  seq. 

ELECTRIC    RAILWAY   Track   Construction. 

Its  evolution,  and  present  accepted  methods  of  efficiency.  C.  Loomis  Al- 
len.—Elec.  Ry.  Gaz.,  Sept.  21,  1895,  p.  199. 

ELECTRIC  RAILWAY  Track  Work. 

Some  interesting  special  track  construction  on  the  Montreal  and  Toronto 
systems.  Illustrated.  E.  A.  Stone.  With  discussion.  Trans.  Con.  Soc.  C.  E., 
Vol.   IX,  Part  1,  p.  330  (1895). 

ELECTRIC   RAILWAY,  Underground,   ,  Buda  Pesth. 

General  details  of  tunnel  and  its  construction,  track,  motors  and  cars.  Il- 
lustrated. —Eng.  News,  March  21.  1895.    Eng-.  Rec,  March  30,  1895. 

ELECTRIC    RAILWAYS 

of  Budapest,  Austria.  The  Siemens  system  with  underground  wires.  The 
central  station,  construction  of  line  and  other  features.  M.  P.  Launay. 
— Annales  des  P.  &  C,  Dec,  1894. 

ELECTRIC  RAILWAYS. 

See  ELECTRIC  BRAKES,  ELECTRIC  CONDUIT,  ELECTRIC  PLANT, 
ELECTRIC  POWER,  ELECTRIC  TOWER  WAGON,  ELECTROLYSIS, 
ELEVATED  RAILWAY,  ENGINES,  POWER  STATION,  RAILS,  RAIL 
BONDING,  RAILROADS,  STORAGE  BATTERY  CARS,  STREET  CARS, 
STREET  RAILWAY,  SUBWAY,  WHEEL  FLANGES. 

ELECTRIC   RAILWAYS. 

The  Three  Wire  System.  Already  in  use  in  Bangor,  Maine,  and  in  Portland, 
Oregon.  A  portion  of  the  Union  Depot  Railroad,  of  St.  Louis,  installs  a 
third  line.  Illustrated  account  of  the  latter  and  of  its  equipment.  —St.  Ry. 
Rev.,  Jan.,  1895. 

ELECTRIC  RAILWAYS,  Cahle   . 

The  advantage  of  electric  power  over  any  other  for  traction  on  inclined 
planes,  as  illustrated  by  the  mountain  railways  of  Burg-enstock,  Monte 
Salvatore  and  Stanserhorn,  Switzerland.  C.  S.  Du  Riche  Preller.— Lon. 
Eng.,  Feb.  1,  1895,  et  seq. 

ELECTRIC  RAILWAYS;  Freight  Traffic  on   . 

Different  roads  making  provision  for  this  class  of  traffic,  with  their  rolling 
stock,    management,    etc.    Illustrated.  —Eng.   News,   July  11,  1895,  p.  18. 

ELECTRIC  RAILWAYS   of  America 

Investigated  at  length  in  relation  to  permanent  way,  return  circuit,  aerial 
conductors,  motors  and  gearing,  rolling  stock,  generating  plant,  power  sta- 
tions, locomotives,  maintenance,  efficiency,  organization,  description  of 
typical    lines.    Philip    Dawson.  —Lon.   Eng.,   Jan.  4,   1895,   et  seq. 
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ELECTRIC   RAILWAYS   of  Montreal,   Canada. 

Track,  rolling'  stock  and  power  equipment  of  the  Montreal  Street  Railway 
and  the  Montreal  Park  and  Island  Railway.  Illustrated.— St.  Ry.  Rev.,  Vol. 
5,  No.  10,  p.  598  (1S95). 

ELECTRIC   RAILAVAYS,    Suburban . 

Their  possibilities,  advantages  and  prospects.  Their  construction  advocated 
and  their  use  for  freight  as  well  as  passenger  service.  Chas.  M.  Swift. 
—St.  Ry.  Rev.,  Jan.,  1S95. 

ELECTRIC   RAILWAYS,    Supplementary  Wire  for  . 

By  H.  S.  Wipakoop.  — Elec.  Eng.,  Jan.  16,  1895. 

ELECTRIC  RAILWAYS,  Turbines  Furnishing:  Power  for  . 

See  TURBINES. 

ELECTRIC  RANGE  FINDER. 

An  instrument  invented  by  Lieutenant  Fiske  and  used  aboard  ships  for 
measuring  distances  at  sea.  —Elec.  Eng.,   April  10,  1895. 

ELECTRIC  Resistance 

of  some  poor  conductors.  Paper  read  by  B.  O.  Pierce  before  the  American 
Academy.  — Prac.  Engr.,  Feb.  15,  1S95. 

ELECTRIC  ROCK  DRILL. 

See   ROCK  DRILL. 

ELECTRIC  STATION  Fuel  Consumption. 

See  FUEL  CONSUMPTION. 

ELECTRIC  STATION,  Heat  Distribution  From 

By  the  Yaryon  system.    Illustrated.  —Elec.  Engr.,  March  27,  1895. 

ELECTRIC    Standard   Units. 

The  official  values  of  the  ohm,  ampere,  volt,  coulomb,  farad,  joule,  watt 
and  henry,  as  fixed  by  recent  act  of  Congress,  with  report.  —Trans.  A.  I. 
E.  E.,  Jan.,   1S95. 

ELECTRIC   STORAGE. 

The  storage  of  energy  essential  to  economy  of  working  in  central  stations. 
Paper  read  by  N.  W.  Perry  before  the  convention  of  the  National  Electric 
Light  Association  at  Cleveland.  —Elec.  Engr.,  Feb.  27,  1895. 

ELECTRIC  Towing: 

on  the  Burgogne  Canal,  France— Historical  review  of  the  project  and  fa- 
voring conditions;  account  of  dynamos,  distributing  lines,  towing  system 
and  apparatus,  accumulators.  Illustrated.  M.  Galliot.  — Annales  des  P.  & 
C,  Dec,  1894. 

ELECTRIC  TRANSMISSION  of  Power. 

A  twelve-mile  transmission  for  mining  purposes,  with  advantages  and  de- 
tails of  power-house,  wiring  and  the  electrically  driven  quartz  mill.  Fully 
illustrated.    By  Thomas  H.  Leggett.  — Cassier,  March,  1895. 

ELECTRIC   TOWER   WAGON. 

For  repairing  overhead  wires  at  Chicago.  Illustrated.  —St.  Ry.  Jour., 
March,  1895. 

ELECTRIC   TOWER   WAGON 

Of  the  City  and  Suburban  Railway  Co.,  Baltimore,  patented  by  J.  H.  Leon- 
hardt.    Illustrated.  —St.   Ry.   Jour.,  March,   1895. 

ELECTRIC    TOWING. 

The  official  test  of  the  Lamb  method  on  the  Erie  Canal  at  Tonawanda,  Oct. 
26th.  Illustrated.  —Elec.  World,  Nov.  2,  1895,  p.  488;  St.  Ry.  Rev.,  Nov., 
1895,  p.   665;   Elec.   Eng.,   Oct,  30,   1895,  p.  417. 

ELECTRIC  TRACTION. 

See  CANAL  BOAT  TRACTION,  CANAL  BOAT  HAULAGE,  ELECTRIC 
RAILWAY. 

ELECTRIC   TRACTION. 

Very  full  report  on  different  methods  and  their  efficiencies,  by  M.  Anvert 
to  the  Railway  Congress.    Serial.  — Lon.  Engineer,  July  5,  1895,  p.  19,  et  seq. 


xlvi  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

ELECTRIC   TRANSMISSION. 

See  ELECTRIC  PLANT,  ELECTRIC  POWER,  ELECTRIC  RAILWAY, 
MOTOR,   POWER. 

ELECTRIC  UNITS  of  Light  and  Radiation. 

General  consideration  of ,  by  A.    Macfarlane,   with  discussion.   —Trans. 

A.  I.  E.  E.,  Jan.  and  Feb.,  1895. 

ELECTRICAL  ENGINEERING. 

Recent    development    in    France    and    England,    giving1    instances    of    great 
and   substantial  advancement.     H.    Ward    Leonard.  — Trans      A..    I.     E.    E., 
Feb.,   1S95. 
ELECTRICAL  ENGINEERS'  Convention. 

Proceedings  at  the  recent  Niagara  Falls  meeting.  — R.  R.  Gaz.,  July  5, 
1895,    p.    447. 

ELECTRICAL   EQUIPMENT 

Of  the  Carnegie  Building,  Pittsburg.  By  Henry  Floy.  Illustrated.  — Elec. 
Eng.,  May  22,  1895,  p.  455. 

ELECTRICAL  LOSSES. 

Some  central  station  and  transmission  losses  by  A.  B.  Herrick.  —Elec.  Eng., 
April  17,  1895. 

ELECTRICAL  MACHINE,  Efficiency  of   . 

The  very  low  efficiency  that  results  from  a  combination  of  electrical  with 
mechanical    machines.      Edward    J.   Willis.  — Cassier,   Feb..   1895. 

ELECTRICITY. 

See  DYNAMO,  DYNAMOMETER,  GALVANIZING,  GENERATOR,  ELEC- 
TRIC RAILWAY,  ELECTRIC  TRANSMISSION,  ELECTRIC  RESIST- 
ANCE, ELECTRIC  UNITS,  ILLUMINATION,  INCANDESCENT  LAMP, 
CURRENT  METERS,  MINING,  MOTOR,  RAILROADS,  ROCK  DRILL, 
SEWAGE    PURIFICATION,    WELDING. 

ELECTRICITY    and    Railroads. 

See   RAILROADS. 
ELECTRICITY  in   a  Cotton  Mill. 

The  Columbia,  S.  C,  Company's  mills,  using  the  three-phase  system  and 
the  induction  mt>tor.  Interesting  description  of  this  pioneer  plant,  the  ap- 
plication of  the  water  power  and  arrangement  of  motors.  Fully  illustra- 
ted.   Dr.  Louis  Bell.  —Cassier,  Feb.,   1895. 

ELECTRICITY  in    Coal    Handling-. 

Electric  hoisting  and  haulage  system  for  unloading  coal-carrying  ships  and 
distributing  the  coal  into  wharf  and  house  bunkers,  as  recently  installed  at 
San  Francisco.  Illustrated.  E.  &  M.  Jtur.,  May  25,  1895,  p.  488.  —Elec. 
World,  May  25,  1895,  p.  618. 

ELECTRICITY,  Direct  Prodnction  of  from  Coal. 

Experiments  by  Dr.  W.  Borchers,  on  the  direct  production  of  electricity 
from  coal  and  its  combustible  gases.    Illustrated.  —Elec.  Eng.,  Dec.  12,  1894. 

ELECTRICITY.   Higli   or  Low  Pressure 

Present  status  of  this  open  question  and  conditions  that  will  affect  its  de- 
cision.   Rankin  Kennedy.  — Elec.  Rev.,  Jan.  4,  1895. 

ELECTRICITY  for  Marine  Propnlsion. 

Its  application  and  future,  especially  for  use  in  launches,  tenders,  police 
and  patrol  boats,  and  pleasure  boats  and  yachts.  —Prof.  W.  F.  Durand 
Cassier,   Vol.  VIII.,   No.  2   (1S95),   p.  143. 

ELECTRICITY  AND  STEAM.  The  Combination  of  . 

The  question  of  power,  light  and  heat  for  city  blocks.  J.  E.  Talbot.  —Eng. 
Mag.,  Vol  IX,  No.  3  (1895),  p.  457. 

ELECTRICITY  in  Mining-. 

Its  use  for  signaling,  telephones,  blasting,  lighting  and  transmitting  power, 
as  now  employed  with  suggested  i  mprovement.  G.  S.  Corlett.  —Elec. 
Rev.,   Feb.  15,  1S95. 

ELECTRICITY,  Long  Distance  Transmission  of  . 

The  Pomona  plant  to  transmit  10,000  volts.  G.  H.  Winslow.  —Elec.  Rev., 
Aug.   2,  1895,  p.  149,  et.  seq. 
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ELECTRICITY,  Loss   of  Between   Dynamo  and  Motor   . 

By  F.  W.  Salmon.  —Power,  Dec,  1S94. 

ELECTRICITY  on  Railroads. 

See   RAILROADS. 

ELECTRICITY   on   the   Steamship   St.    Lonis. 

Its  use  for  lighting,  operating  the  organ,  steering  and  other  auxiliary  pur- 
poses.   Details  of  the  plant.    Illustrated.  — Elec.  World,  June  15,  1895,  p.  681. 

ELECTRICITY,    Operating   Machine   Tools  hy  . 

Its  advantages  discussed,  with  methods.  Extensive  illustrations  from  prac- 
tical applications.    George  Richmond.  — Eng.  Mag.,  Jan.,  1895. 

ELECTRICITY,   Transmisison   of   . 

Long  distance  transmission  at  10,000  volts,  by  G.  H.  Winslow.  Paper  pre- 
sented at  the  Niagara  meeting  of  the  American  Institute  of  Electrical 
Engineers.  —Elec.   Eng.,   July  24,    1895,  p.  84. 

ELECTRICITY,   Use   of  ■ . 

Illustrated  article  by  Geo.  H.  Guy  on  the  instruction  work  at  the  signal 
corps  of  the  U.  S.  Army  at  Ft.  Riley,   Kas.  —Elec.  Eng.,  Dec.  12,   1S94. 

ELECTRICITY.    Use    of  for    Cooking  and  Heating. 

by  R.  E.  Crompton.  —Elec.  Eng.,  May  15,   1895,  p.  438. 

ELECTROLYSIS. 

See    WATER    WORKS    ASSOCIATION. 

ELECTROLYSIS. 

See  WATER  WORKS  OF  BOSTON. 

ELECTROLYSIS. 

General  review  of  this  field,  discussing  remedies  in  the  case  of  cities  where 
electric  roads  are  already  in  operation,  preventive  measures  for  cities  where 
roads  are  yet  to  be  installed,  and  legal  aspects  of  the  subject.  Prof.  H.  A. 
Storrs.  With  discussion.  —Jour.  N.  E.  W.  W.  Assn.,  Vol.  10,  No.  1,  p.  33 
(1895). 

ELECTROLYSIS   and  Its  Application    in  Practical  Life. 

Paper  by  F.  Quincke,  read  before  the  Society  of  Engineers  at  Aix  La  Cha- 
pelle,  in  which  the  application  of  this  branch  of  electricity  is  fully  de- 
scribed  and    discussed.  — Ztsch   Ver.  Ing.,  April  27,  1895. 

ELECTROLYSIS,  Legal  Aspects   of . 

Electric  railways  should  furnish  whatever  is  necessary  to  minimize  elec- 
tric corrosion,  and  would  probably  be  held  liable  for  damage.  — Cassier, 
April,   1895.     St.    Ry.    Gaz.,    April   6,  1895. 

ELECTROLYSIS;   Preventing  . 

Underground  pipe  completely  protected.  Method  given  by  Harold  P.  Brown. 
—Cassier,  Vol.  8,  No.  6,  p.  613  (1895). 

ELECTROLYSIS    Prevention    at    Newark,    ]V   J. 

Method  of  accurate  testing  potential  of  pipe  and  rail,  and  of  dealing  with 
the  question  of  electrolysis.  Illustrated.  Harold  P.  Brown.  — St.  Ry.  Rev., 
Vol.  5,  No.  12,  p.  739. 

ELECTROLYSIS  and  Rail-Bonding. 

Electrolytic  corrosion  in  underground  metal  pipes  may  be  prevented  by 
proper  bonding  of  rails  of  electric  railways.  Illustrated.  George  P.  Low. 
—Trans.  A.  I.  E.  E.,  Feb.,  1895. 

ELECTROLYSIS,  Notes  on  Pipe  . 

Considerations  of  different  modes  of  dealing  with  the  trouble  under  differ- 
ing conditions  with  diagrams.  Maurice  Hoopes.  —Elec.  World,  May  25,  1895, 
p.  603. 

ELECTROLYSIS    of    Water   Pipe. 

Results  in  Brooklyn;  attempted  prevention  by  requiring  more  efficient  re- 
turn conductors  and  by  placing  return  wires  at  necessary  points  of  the 
pipes.  Report  to  Commissioners  of  Electric  Subways,  by  Prof.  John  A. 
Barrett.  — R.  R.  Gaz.,  Jan.  18.  1895.  St.  Ry.  Gaz.,  Jan.  26,  1895.  Eng. 
Rec,  Feb.  23.  1895. 
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ELECTROLYTIC   CORROSION. 

See  RAIL.  BONDING. 

ELECTRO-THERMAL  WIRE  vs.  Electro  Magnet, 

By  B.  R.  Knowles,  E.  E.  — Elec.  Engr.,  May  22,  1895,  p.  458. 

ELEVATED  RAILWAY. 

The  Meigs  System.  Details  of  special  features,  such  as  the  single  row  of 
columns  and  single--girder  track;  special  trucks  and  cylindrical  locomotive 
and  cars.  — Lon.  Engineer,  Dec.  28,  1894;  Sci.  Am.  Sup.,  Feb.  2,  1895. 

ELEVATED  RAILWAY. 

The  Metropolitan  Elevated  Railway  at  Chicago.  Illustrated.  —St.  Ry. 
Jour.,  Feb.,  1895. 

ELEVATED   RAILWAY,  Electric  . 

The  Metropolitan  Elevated  Railway  at  Chicago.  Fully  illustrated.  —St. 
Ry.    Jour.,   Feb.,   1895.      St.    Ry.   Gaz..   April  27,    1895. 

ELEVATED   RAILWAY,   Electric . 

The  Metropolitan  West  Side  Railway,  of  Chicago.  Said  to  be  the  best 
elevated  road  in  the  world,  and  furnishing  the  widest  application  of  elec- 
tricity. Full  description  of  elevated  structure,  electric  plant  and  equip- 
ment. Illustrated.  —St.  Ry.  Rev.,  May,  1895,  pp.  263-274.  Elec.  Eng.,  May  15, 
1895,  p.  433,  et  seq.  R.  R.  Gaz.,  June_7,_1895,  p._364.  _  Elec.  Rev.,  July  12, 
1895,  p.  32.     Power, "Aug.,  1895.  p.  1. 

ELEVATED   RAILWAY,  Electric 

The  Metropolitan  West  Side  Railway  of  Chicago.  Said  to  be  the  finest 
elevated  road  in  the  world,  and  furnishing  the  widest  application  of  elec- 
tricity. Full  description  of  elevated  structure,  electric  plant  and  equip- 
ment. Profusely  illustrated.  —St.  Ry.  Rev.,  May,  1895,  pp.  263-274;  Elec. 
Eng.,  May  15,  1895,  p.  433  et  seq. 

ELEVATED   RAIL. W AY,   Electric   . 

The  Northwestern,  of  Chicago.  Proposed  route,  plans  for  elevated  struc- 
ture and  general  arrangements.  Illustrated.  —Eng.  News,  Sept.  5,  1895,  p. 
146. 

ELEVATED  RAILWAY,  Electric  Equipment  of  an  . 

Generators,  method  of  securing  contact  with  the  third  rail,  and  general  de- 
tails on  the  Chicago  Metropolitan  Elevated  Railway.  — R.  R.  Gaz.,  June  7, 
1895,   p.  364. 

ELEVATED  RAILWAY  Terminal. 

The  new  Brooklyn  terminal  of  the  Brooklyn  Bridge.  Illustrated.  —Eng. 
News,  July  4,  1S95,  p.  2. 

ELEVATED    RAILWAYS    in    Berlin. 

An  article  explaining  and  describing  the  various  projects  submitted  to  the 
authorities  in  Berlin.  There  are  some  illustrations,  but  no  details  are 
given.  —Deutsche  Bztg.,   Feb.  2,   1S95,  et  seq. 

ELEVATED    STRUCTURE    of   Merchants  Bridge  Terminal  Railroad. 

The  double  track  plate  girder  construction  recently  built  at  St.  Louis.  H. 
P.    Taussig.    Illustrated.  —Eng.    News,  July  18,  1895,  p.  34. 

EMERY  "WHEELS   and  Tests. 

Their  manufacture,  use,  perfection  and  tests.  T.  Dunkin  Paret.  — Cassier, 
May,   1895,  p.   50. 

ENERGY,  Electrical  —   Cost  of  . 

By  B.  J.  Arnold.  —Power,  Dec.  1S91. 

ENGINE   ami   Boiler  Testing. 

See   BOILER. 

ENGINE   AND    DYNAMO. 

See  DYNAMOS. 
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ENGINE,  Combined  Steam  and  Hot-Air. 

Abstract  of  paper  by  Andrew  Jamieson,  read  before  the  Institution  of  Engi- 
neers and  Ship-builders  of  Scotland.  Describes  the  engine  and  gives  indi- 
cator cards  and  results  of  two  tests.  — Prac.  Engr..  July  5,  1895. 

ENGINE,   Cnt-Off  of   . 

Fixed  cut-off  and  throttling  vs.  the  automatic  cut-off.  Abstract  of  paper 
by  Chas.  T.  Porter,  read  before  the  Amer.  Soc.  Mech.  Engrs.  — Ry.  Eng. 
and  Mech.,   Jan.,    1S95. 

ENGINE  CYLINDERS,  Initial  Condensation  and  Heat  Wastes  in  Steam 

A  paper  by  R.  H.  Thurston,  read  at  the  Thirty-sixth  session  of  the  Insti- 
tution of  Naval  Architects.  —Prac.  Engr..  July  19,  1895,  et  seq. 

ENGINE,  Development  of  tlie  Single- Acting-  High-Speed   . 

A  paper  read  before  the  Institution  of  Electrical  Engineers,  by  Mark  Rob- 
inson. — Prac.  Engr.,  May  31,  1895,  et  seq. 

ENGINE,  Fly  AVheel  for  Steam  . 

Design  of  the  Providence  Steam  Engine  Co.  Illustrated.  —Am.  Mach.,  Nov. 
14,   1895,  p.  901. 

ENGINE  for  Electric  Central  Station   Work. 

The  recent  development  of  the  single-acting  high-speed  engine.  Mark  Rob- 
inson.   Serial.  — Elec.   Rev.,   May  17,  1895,  p.  626. 

ENGINE  GOVERNORS. 

A  series  of  articles  on  designing  and  proportioning  governors,  by  R.  Gor- 
don  Blaine.  —Mech.   World,    Dec.   7,  1S94.  et  seq. 

ENGINE,  Oil   •. 

Results  of  some  tests  ton  German  oil  engines  by  Professors  Hartmann  and 
Schottler.  —Prac.    Engr.,    Aug.   30,   1S95,   et  seq. 

ENGINE,    Petroleum    . 

See   PETROLEUM    MOTOR. 

ENGINE,    Steam   . 

Chas.  T.  Porter's  new  high-speed  engine,  with  illustration  of  the  cam  used 
for  operating  valve  mechanism.     —Am.  Mach.,  Feb.  21.  1895. 

ENGINE,    Steam  . 

Trials  of  a  compound  engine  with  a  cylinder  ratio  of  7  to  1.  Paper  read 
by  F.  W.  Dean  before  the  Am.  Soc.  of  Mech.  Engrs.  —Prac.  Engr.,  Dec.  28, 
1894. 

ENGINE,   Steam   . 

"Working  drawings  of  small  engine  for  turning  over  large  triple  expansion 
marine    engines.   — Prac.    Engr.,    Jan.   11,   1895,  et  seq. 

ENGINE,  Steam   . 

Report  of  test  of  triple  expansion  engine  built  by  Southwark  Foundry  & 
Machine  Co.  for  the  Chicago  Edison   Co.— Elec.  Engr.,  Feb.  27,  1895. 

ENGINE,  Steam  .    500  Horse  Power,  With  Callman  Valve  Gear. 

An  article  giving  a  complete  description  of  an  excellent  engine  provided 
with  the  Collman  cut  off  valve  gear.  The  illustrations  are  excellent.  — 
Prktsch.  Msch.  Cnstr.,  June  6,  1895,  et  seq. 

ENGINE,   Test   of   the   Detroit   Pnmpiing- . 

Description  of  plant  and  details  of  duty  test  of  the  new  24,000,000  gal.  Allis 
engine.    Illustrated.  —Eng.  Rec,  Nov.  30,  1895,  p.  477. 

ENGINE,  Type   of  . 

Abstract  from  the  plans  and  specifications  for  torpedo  boat  engines,  Issued 
by  the  Bureau  of  Steam  Engineering  of  the  U.  S.  Navy  Dept.  —Mech. 
World,  Dec.  21,  1894,  et  seq. 

ENGINE,  Tests  of   . 

Results  <of  tests  on  engines  and  boilers  of  the  Milton  Spinning  Co.,  Mossley, 
by  Edward  G.    Hiller.  —Prac.   Engr.,  Aug.  23,   1895. 
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ENGINE,  Tests  of  a  Regenerator  not-Air  . 

The  tests  were  made  by  G.  W.  Bissell  to  determine  the  effect  of  varying 
the   weight   of   the   regenerator.— Trans.  A.  S.  M.  E.,  Vol.  XV.  (1894),  p.  744. 

ENGINE,  The  Modern  Gas   . 

A  paper  by  G.  E.  Stevenson,  read  before  the  Incorporated  Institution  of  Gas 
Engineers.  — Prac.   Engr.,   July  12,  1895,  et  seq. 

ENGINE,  The  Portable   . 

History  of  its  evolution  and  perfection.  Its  present  construction  and  field. 
Profusely  illustrated.  W.  D.  Wansborough.  — Cassier,  Vol.  IX,  No.  2,  pp. 
83-107  (1895). 

ENGINE,  Triple  Expansion  . 

Description  of  small  engine  for  steam  yacht  "Wapiti."  —Am.  Eng.  &  R.  R. 
Jour.,  Jan..  1895. 

ENGINEER.   Civil . 

See    CIVIL    ENGINEER. 

ENGINEER;   the   Civil . 

Annual  president's  address  before  the  American  Society  of  Civil  Engineers. 
George  S.  Morison.  —Trans.  A.  S.  C.  E.  Vol.  xxxiii,  No.  6,  pp.  467-484, 
1895. 

ENGINEER;   the    Civil  . 

Editorial  comment,  approving  President  Morison's  definition  of  the  broad 
scope  of  the  term.  — Lon.  Eng.,  July  26,    1895,   p.    117. 

ENGINEERING   COURSES,   Admission  to . 

See  ENGINEERING  EDUCATION. 

ENGINEERING  Degrees. 

The  question  of  graduate  and  post-graduate  degrees  discussed  by  Prof. 
Robert  H.  Thurston.  The  writer  advocates  giving  distinctive  engineering 
degrees  to  graduates  from  engineering  courses.  — Sci.  Am.  Sup.,  March  23, 
1895. 

ENGINEERING  DEGREES.   Gradnate   and  Post  Graduate  . 

See  ENGINEERING  EDUCATION. 

ENGINEERING  Education. 

Foreign  technical  schools,  with  especial  reference  to  general  supervision 
of  technical  schools,  drawing  in  German  schools,  and  the  Clausthal  school 
of  mines  and  the  school  for  marine  machinists  and  engineers  of  Germany. 
— U.    S.    Consular   Reports,   March.    1S95. 

ENGINEERING    EDUCATION. 

Lecture  by  A.  Riedler,  in  which  he  advocates  a  reform  of  the  Gloman 
technical  school  in  the  direction  of  making  it  more  practical.— Ztsch.  Ver. 
Ing.,  Aug.  10,  1895. 

ENGINEERING  EDUCATION. 

Theory  and  practical  application  considered,  with  the  combination  of  the 
two  as  taught  in  American  colleges.  The  question  of  the  proper  develop- 
ment of  each  in  the  different  engineering  courses.  Prof.  L.  S.  Randolph. 
—Jour.  Ass'n  Eng.  Socs.  Vol.  XIV,   No.  6,  p.  495,  1895. 

ENGINEERING    EDUCATION. 

See     EDUCATION,     MECHANICAL  ENGINEERS. 

ENGINEERING   EDUCATION,   Natural    Science  Training  for  Engineers. 

Plea  of  Prof.  N.  S.  Shaler  for  a  thorough  course  in  physics,  chemistry  and 
geology.  —Eng.    Mag.,    Vol.    IX,    No.  6,  p.   1021   (1895). 

ENGINEERING  EDUCATION,  Proceedings   of  the   International   Congress 
on  . 

Papers  read  at  Chicago,  1S93,  on  The  Ideal  Engineering  Education,  by  Wm. 
H.  Burr;  Requirements  in  Mathematics,  by  A.  N.  Talbot;  Favorable  and 
Unfavorable  Tendencies,  by  P.  C.  Ricketts;  Comparison  Between  American 
and  European  Methods,  by  G.  F.  Swain;  American  Mining  Schools,  by  S. 
B.  Christy;  Equipment  of  Engineering  Schools,  by  R.  H.  Thurston;  Hy- 
draulic Laboratory  of  Mass.  Inst.  Technology,   by  Dwight   Porter;   Teaching 
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Of  Graphic  Methods,  by  H.  S.  Hele-Shaw;  Original  Research  by  Students,  C. 
D.  Marx  and  R.  C.  Carpenter;  Field  Practice  and  Field  Equipment,  by  C.  D. 
Jameson;  Technical  Literary  Work,  by  M.  Merriman;  Technical  Literature, 
by  J.  B.  Johnson;  Drawing,  by  C.  S.  Denison;  "Vacation  Work,  by  A.  B.  Bur- 
ton, and  Graduating  Theses,  by  G.  Lanza.  —Published  by  the  Society  for  the 
Promotion   of  Engineering  Education,  Vol  1. 

ENGINEERING  EDUCATION,  Proceedings      of      Second     Annual      Meeting: 
of  Society  for  Promotion  of . 

Papers  read  at  Brooklyn,  1894,  on  Requirements  for  Admission  to  Engineer- 
ing Courses,  by  F.  O.  Marion;  Graduate  and  Post-graduate  Engineering  De- 
grees, by  P.  C.  Ricketts,  G.  F.  Swai  and  R.  H.  Thurston;  Teachers  and  Text 
Books  in  Mathematics,  by  Mansfield  Merriman;  Teaching  of  Engineering 
Specifications  and  the  Law  of  Contracts,  by  J.  B.  Johnson;  Mechanical 
Drawing,  by  J.  J.  Flather;  German  Technical  Schools,  by  Storm  Bull;  En- 
gineering Laboratories,  by  G.  Lanza;  Early  Instruction— Physics  and  Me- 
chanics, by  C.  M.  Woodward;  Laboratory  Work  and  Equipment,  by  Dwight 
POrter;  College  Field  Practice,  by  O.  V.  P.  Stout;  Courses  in  Structural  En- 
gineering, by  Edgar  Marburg;  Shop  Work,  by  C.  W.  Marx;  Mechanical  Lab- 
oratory Work  at  Ames,  Iowa,  by  G.  W.  Bissell;  Electrical  Engineering  Lab- 
oratories, by  D.  C.  Jackson;  Machine  Design,  by  J.  H.  Barr;  Education  of 
Civil  Engineers  for  Railroad  Service,  by  C.  F.  Allen;  Engineering  Educa- 
tion and  the  State  University,  by  W.  S.  Aldrich.  —Vol.  II  of  the  Societies* 
Proceedings. 
ENGINEERING   Ethics. 

The  code  reported  to  the  Canadian  Society  at  its  annual  meeting.  —Trans. 
Can.   Soc.   C.  E.,   p.  49  (1895). 

ENGINEERING,    Mechanical   in    the   United    States   Navy  . 

Paper  by  Uthemann,  read  before  the  Eng.  Society  of  Schleswig  Holstein. 
The  paper  is  fairly  illustrated,  and  treats  of  the  progress  made  during  the 
last  ten  years  in  the  equipment  of  machinery  for  the  U.  S.  Navy.  — Ztsch. 
Ver.  Ing.,  Dec.  29,  1S94. 

ENGINEERING,  Professional  Career. 

Address  of  Theodore  N.  Ely  before  the  students  at  Rensselaer.  Serial.— 
Eng.   Rec,  Aug.   10,   1895,  p.   1S4,    et  seq. 

ENGINEERING,   Sanitary   . 

Lecture  delivered  by  W.  Paul  Gerhard,  before  the  Frank.  Institute.  —Jour. 
Frank.  Institute,  June,  1S95,   et  seq. 

ENGINEERING   STRUCTURES,  Details  of  Construction  of  . 

Proportioning  the  different  members,  designing  the  details  and  prepar- 
ing the  drawings.  Lecture  by  C.  C.  Schneider.  Serial.  —Eng.  Rec,  Sept.  7, 
1895,   p.  257. 

ENGINEERING  Three  Hundred  Years  Ago. 

Interesting  description  of  machinery  used  in  that  age,  with  especial  refer- 
ence to  pumping  machinery,  described  by  Ramelli.  Illustrated.  W.  F. 
Durfee.  — Cassier,   Vol.  VIII,   No.   2  (1895),  p.  97. 

ENGINEERING  WORKS;  The  Clydebank  Shipbuilding  and . 

Description  at  length  of  these  extensive  works — Fully  illustrated  serial. — Lon. 
Eng.,  July  12.  :895,  p.  31,  ef  seg. 

ENGINEERS;    Professional    Status    of  . 

Report  of  committee  to  the  Canadian  Society  urging  recognition,  and  the 
continuance  of  the  committee  to  investigate  the  question  of  forming  a  close 
corporation.  —Trans.    Can.    Soc.    C.  E.,  p.  42  (1895). 

ENGINES. 

See  CYLINDER  WALLS,  DYNAMO,  ELECTRIC  LIGHTING,  ENGINE 
CYLINDERS,  INDICATORS,  OIL  ENGINES,  PIPE  COVERINGS,  PIS- 
TONS, SAFETY  VALVES,  STEAM,  STEAM  ENGINES,  VALVES,  WATER 
WORKS. 

ENGINES,  Compound   . 

Rules  for  equalizing  the  power  developed  in  the  cylinders  of  compound 
engines.  —Power,   Sept..   1895,  p.  9. 
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ENGINES,  Corliss   . 

Proportions  of  steam  ports  and  valve  seat  diameters,  by  Fleming'  Fitzroy.  — 
Prac.  Engr.,  Dec.  20,  1895,  p.  533. 

ENGINES,  Cylinder  Proportions  of  Compound   • 

A  method  of  proportioning'  the  cylinders  of  compound  engines  by  their 
free  expansion  losses,  by  Frank  H.  Ball.  —Trans.  A.  S.  M.  E.,  Vol.  XV. 
(1S94),  p.  759. 

ENGINES,    Economic   Tests    of   . 

Results  of  tests  of  a  beam  engine  and  two  Lancashire  boilers,  by  Laving- 
ton  E.  Fletcher.  —Prac.  Engr.,  Dec.  13,  1895,  p.  512. 

ENGINES,  Fly  Wheels  for  Steam  . 

Designs  of  the  Harris  Steam  Engine  Co.  Illustrated.  — Am.  Mach.,  Dec. 
12,   1895,   p.   9S6. 

ENGINES,  Gas   . 

Amount  of  gas  consumed  per  hour  per  horse  power  by  engines  of  different 
makes.  —Safety  Valve,  Feb.,   1895. 

ENGINES;  Gas,  Oil  and  Steam 

Points  and  information  concerning  those  at  the  Royal  Agricultural  Socie- 
ty's show,  England.  Serial.  Illustrated.  — Lon.  Engineer,  June  28,  1895,  p. 
551,  et  seq. 

ENGINES,   Heat   . 

The  development  of  their  experimental  study,  showing  that  scientific  ad- 
vance and  practical  improvement  proceeded  together.  The  "James  For- 
rest" lecture  of  the  Institution  of  Civil  Engineers,  by  Prof.  W.  C.  Unwin.  — 
Lon.  Eng.,  May  3,  1895,  p.  590,  et  seq;  Lon.  Engineer,  May  3,  1895,  p.  379, 
et  seq;  Eng.  Rec,  June  1,  1895,  p.  9,  et  seq. 

ENGINES;   Heat   . 

The  development  of  their  experimental  study,  showing  that  scientific  ad- 
vance and  practical  improvement  proceeded  together.  "The  James  Forrest" 
lecture  of  the  Institution  of  Civil  Engineers,  by  Prof.  W.  C.  Unwin.— Proc. 
Inst.,   C.  E.,  Vol.   CXXII,  pp.  154-186  (1S95). 

ENGINES,  Heat  and  Heat    . 

A  series  of  articles  by  W.  C.  Popplewell,  on  the  theory  of  heat  engines.  — 
Prac.  Engr.,   Sept.   6,  1895. 

ENGINES,   Internal   Friction   in    Steam   . 

Paper  by  W.  W.  Houfle  discussing-  the  friction  of  the  different  moving  parts. 
Prac.  Engr.,  Nov.  22,  1895,  et  seq. 

ENGINES;    Motive . 

Pressure  and  impulse  considered  and  compared,  with  reasons  given  why  im- 
pulse of  both  steam  and  water  will  probably  become  the  best  method  of  ap- 
plying powers.  John  Richards.  Jour.  Assn.  Eng.  Socs.,  vol.  xiv,  No.  6,  p. 
484,  1895. 

ENGINES,  Oil   . 

Trials  of  oil  engines  at  vjambridge.  Illustrated.  —Prac.  Engr.,  Jan.  18, 
1895,  et  seq. 

ENGINES,  Pressure  and  Impulse  in   Motive  . 

Paper  read  by  John  Richards  before  the  Technical  Society  of  the  Pacific 
Coast.  —Am.   Eng.   &   R.    R.   Jour.,    March,  1895. 

ENGINES,  Proportioning-  Cylinders  for  Compound   . 

Paper  by  E.  C.  Knapp,  read  before  the  Amer.  Soc.  of  Mech.  Engineers,  at 
Detroit,    1S95.  —Prac.    Engr.,    July     9,  1895.     Safety  Valve,  Sept.  15,   1895. 

ENGINES,    Regulation    of    Steam  . 

A  paper,  by  John  Richardson,  read  before  the  Institution  of  Civil  Engi- 
neers, discussing  the  mechanical  and  electrical  methods  of  regulating.  — 
Prac.  Engr.,  Aug.  30.  1895,  et  seq.    Am.  Mach.,  Sept.  12,  1895,  p.  724,   et  seq. 

ENGINES,  Setting  Valves  of  Corliss   . 

Illustrated.  —Am.  Mach..  May  15,  1895,  p.  390. 
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ENGINES,   Steam   . 

Designing  Corliss  valve  gear,  by  James     Dunlop.    Illustrated.  — Prac.     Eng., 
May  17,   1895,  p.  386. 

ENGINES,  Steam 

Distribution   of  steam   in   engines.    By    Jos.    Butterworth,    M.    Inst.    M.    B., 
London.  —Prac.   Engr.,   Dec.  21,   1894. 

ENGINES,    Steam   . 

Method   of  proportioning  the   cylinders    of    compound    engines,    proposed    by 
E.  C.  Knapp,  at  the  Detroit  meeting,  A.  S.  M.  E.  —Power,  July,  1895,  p.   16. 

ENGINES,    Steam 

Recent  interesting  designs   illustrated  and   discussed.     Geo.    L.    Clark.  — Cas- 

sier.   Vol.   VIII,   No.   5,   p.  511. 

ENGINES;  Steam   . 

Their   mechanical   and   electrical   regulation.    J.   Richardson. — Proc.  Inst.,  C. 
E.,  Vol.  CXX,  p.  211  (1S95). 

ENGINES,  Steam  . 

Of  the  twin  screw  steam  ships  "North  West"  and  "North  Land."  Illus- 
trated.    Am.  Mach.,   Nov.  14,   1895,  p.  904. 

ENGINES,  Steam  Fire   . 

Their  efficiency  and  capacity  determined    by    described    tests    by    the    fire 
commissioners   of  Boston,   Mass.    Editorial    comment.  — Eng.    News,    March 
28,  1895. 
ENGINES,  Steam  Pipes  for  Marine   . 

General  consideration  and  comparison  of  copper,  cast-iron  and  wrought 
iron  pipes.    J.   T.    Milton.  —Eng.    News,  May  9,  1895,  p.  310. 

ENGINES,  Torpedo  Boat  and  Torpedo    Destroyer   . 

Illustration  and  description  of  engines  used  on  English  gunboats.  — Safety 
Valve,  Dec.  15,  1894. 

ENGINES,  Trial  of  a  Pair  of  Compound    Benin . 

Discussion  of  results  of  trials  of  compound  engines  with  steam  jackets,  by 
Michael  Lougridge.  —Prac.  Engr.,  Nov.   29,    1895,   p.   248. 

ENGINES,   Trials   of  Oil   . 

Results  of  some  trials  of  oil  engines  made  at  Berlin  and  at  Meaux.  — Amer. 
Eng.   &  R.   R.   Jour.,   Sept.,  1S95,  p.  393. 

4NGINES,  Trials   of  Triple  Expansion    Beam    . 

Results  of   three   trials  by  Michael  Lougridge  on  engines  at  Moorland  Mills, 
Bolton,  England.  —Prac.  Engr.,  Nov.  1,  1895,  p.  262. 
EXCAVATING  Machine. 

Details  of  construction  and  Operation  of  the  Carson-Trainor  trench  ma- 
chine.    Illustrated.  —Eng.   News,  June  20,  1895,  p.  406. 

EXCAVATION;  Modern  Metliods   of  Canal   . 

By  Isham  Randolph,  Chief  Engineer  of  the  Chicago  Sanitary  and  Ship 
Canal  before  meeting  of  the  International  Deep  "Waterways  Association  at 
Cleveland,   O.    Serial.— Eng.   Rec,  Oct.  12,  1895,  p.  348,  et  seq. 

EXPLOSIVES. 

Their  manufacture,  nature,  characteristics,  adaptability  and  special  uses 
exhaustively  discussed.  Prof.  Vivian  B.  Lewes.  — Sci.  Am.  Sup.,  Feb.  23. 
1895,  et  seq. 

FACING   MACHINE. 

See  MACHINE. 
FAN.   Foreed  Draft   . 

Made  by  the  Buffalo  Forge  Co.    Illustrated.  —Am.   Mach.,   Dec.   20,   1894. 

FANS;  Centrifugal    . 

Experiments  on  the  efficiency  of  different  kinds,  with  results.  Bryan  Don- 
kin.— Proc.   Inst.   C.    E.,    Vol.   CXXII,  p.  265  (1895). 

fANS,    Centrifugal   . 

Formulae  for  computing  the  pressure  and  volume  of  air  moved  by  .    By 

Jas.   Dunlop.  —Prac.   Engr.,    March  15,  1895. 
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FENCE  POSTS,  Old  Rails  Converted    Into 

Description  of  machines  for  splitting-  rail  lengthwise  and  cutting  it  into 
fence  ^ost  lengths  at  a  cost  of  40  cents  each,  where  the  old  rails  cost  $10 
per  ton.  — Ind.  Engr.,  Dec.  15,  1894. 

FENDER  for  Street  Cars. 

The  Yost  street  car  fender.    Illustrated.  — Elec.  Eng. 

FERRIES,  Car . 

See  CAR  FERRIES. 

FILTER   BEDS,    Covered   . 

The  new  installation  at  Grand  Forks,  North  Dakota.  Illustrated.  —Eng. 
News,   May  23,1895,   p.   341. 

FILTRATION. 

See   WATER,    WATER  WORKS   ASSOCIATION. 

FILTRATION. 

See    WATER    WORKS    ASSOCIATION. 

FILTRATION  of  City  "Water  Supplies. 

Valuable  resume  of  investigations  and  conclusions  concerning  filtration  and 
its  efficiency,  both  as  a  mechanical  and  bacteriological  purifier.  Robert 
Moore.    Jour.    Assn.    Eng.   Socs.,   Jan.,  1895. 

FILTRATION  of  Public  Water  Supplies. 

General  review  of  chemical  treatment  and  of  recent  investigations  in  nat- 
ural nitration.    Dr.   Henry  Leffmann.  — Proc.  Eng-.  Club,  Phila.,  Jan.,  1S95. 

FILTRATION    of    the    Mnggel    Lake   Water  Supply. 

Construction,  plans,  capacity  and  work  of  the  niters  of  the  Berlin  water 
works.    H.    Gill. —Proc.    Inst.    C.    E.,  Vol.  119. —Eng.  Rec,  April  20,  1895. 

FIR,  Douglass   ,  Transverse  Strength   of  . 

See  TIMBER  TESTS. 

FILTRATION,    Sand   — . 

Removal  of  bacteria  by  continuous  or  intermittent  sand  nitration  to  99  per 
cent,  of  the  whole.  Results  of  the  Lawrence  experiments.  George  W.  Ful- 
ler. — Sci.  Am.  Sup.,  Feb.  2,   1895. 

FIRE-CLAYS,    Fusibility    of   . 

Methods  of  tests  described  and  the  fusibility  of  thirty  different  clays  from 
various  States  given.  — Trans.   A.   I.  M.  E.,   1895. 

FIRE  ENGINES. 

See  ENGINES. 

FIRE   ENGINES. 

Historical  description,  the  modern  steam  fire  engine,  and  the  prospect  of 
utilizing  electricity  for  power.    Joseph  Sachs.  — Cassier,  Feb.,  1895. 

FIRE  ENGINES,   Capacity   of  Steam    . 

Results  of  extensive  tests  of  different  engines  tabulated  and  discussed, with 
capacity  of  hydrants  and  hose.  Dexter  Brackett.  — Jour.  N.  E.  W.  W. 
Assn.,    March.    1895. 

FIRE-PROOFING  Processes. 

Tests  of  the  "Electric"  system  of  filling  the  wood  with  a  patent  compound 
resulted  in  a  good  showing  for  the  process.  Other  methods,  and  the  use  of 
fire-proofing    paints.  — Eng.     News,  Jan.  24,  1S95. 

FIREPROOFING  Tests. 

See   TESTS. 
FIRE    PROTECTION  in   Theatres. 

See  THEATRES. 

FLOOR  ARCH  Tests. 

See  BUILDING  CONSTRUCTION. 

FLOOR   Material    Tests. 

Methods  and  results  of  38  tests  of  different  kinds  of  fire-proof  floor  construc- 
tion, including  Melan,  clay-block  and  other  arches.  With  tables  and  illus- 
trations. George  Hill.  —Trans.  A.  S.  C.  E.,  Vol.  XXXIV,  No.  6,  pp.  542-568 
(1895). 
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FLOORS,    Hollow    Tile , 

European  and  American  practice,  former  types  and  their  evolution.  Pres- 
ent forms,  with  results  of  two  tests.  Fr.  von  Bmperger.  — Trans.  A.  S.  C.  E., 
Vol.   XXXIV,   No.   6,  pp.  521-531   (1895). 

FLOW    of    Water. 

Discussion  and  formulae  for  flow  over  weirs  with  rounded  crests.  N. 
Werenskiold  and  Jos.   P.   Frizell.  —Eng.  News,  Jan.  31,  1895. 

FLOW    of    Water. 

Discussion  and  formulae  of  flow  over  a  dam  with  a  wide  horizontal  top. 
Edward  N.  Pike  and  Jos.  P.  Frizell.  —Eng.  News,  Jan.  31,  1895. 

FLY-WHEEL,   With    Wrought    Iron    Spokes. 

Designed  by  E.  S.  Cobb,  for  a  500-H.  P.  engine.  Illustrated.  — Amer.  Eng. 
&  R.  R.  Jour.,   Oct.  1895,  p.  451;  Power,  Nov.,  1895,  p.  11. 

FLY   WHEELS,    Arms    of   . 

Stresses  in  the  arms  of  fly  wheels.  By  A.  E.  Guy.  —Am.  Mach.,  April 
18,  1895. 

FLY-WHEELS,   Strains  in  Arms  of . 

By   Charles   M.    Jones.    Illustrated.  —Am.  Mach.,  Jan.  3,  1895. 

FLY-WHEELS,  Strength   of  Rim  Joints  in  . 

By    J.    B.    Stanwood.  —Trans.    A.    S.  M.  E.,  Vol.  XV. 

FORMULAS. 

Inapplicable  when  conditions  differ  from  those  obtaining  at  the  time  of  ex- 
periment.   Geo.    T.    Wisner.  —Eng.  News,  Jan.  10,  1895. 

FOUNDATION,    Strengthening;    a  . 

See  UNDERPINNING. 

FOUNDATIONS;    Hydraulic    Caisson   . 

Methods  and  plans  of  the  foundations  for  the  Johnston  Building,  New 
York  City,  with  detailed  description  of  the  hydraulic  caissons  now  being 
used     in     construction.    Illustrated.  —Eng.   Rec,   July  13,  1895,   p.   117. 

FOUNDATIONS   of  the   New  York;   Cathedral . 

Plans  and  methods  of  construction.  Illustrated.  —Eng.  Rec,  Aug.  10,  1S95, 
p.  189. 

FOUNDRY  Iron    — . 

New  plant  of  the  Frank  H.  Clement  Co.  Illustrated.  —Am.  Mach.,  Sept.  26, 
1895,    p.    771. 

FREEZING  Process. 

The  sinking  of  two  shafts  330  feet  through  water-bearing  strata  of  sand 
and  cretaceous  deposits  by  the  use  of  circulating  chloride  of  calcium  ap- 
plied for  six  months.  — Sci.  Am.   Sup.,  May  25,   1895,  p.  16167. 

FRICTION  BRAKES,   New  Forms  of   . 

Different  designs  discussed  in  the  ight  of  their  adaptability  and  efficiency. 
Illustrated.  W.  F.  M.  Goss.  Serial  — Elec.  Rev.,  July  26,  1895,  p.  98,  et  seq. 
Prac.   Engr.,   Aug.  9,    1895,   et  seq. 

FRICTION   CLUTCH. 

The  1500  H.  P.  friction  clutch  used  on  the  cable  railroad  of  the  New  York 
and   Brooklyn    Bridge.    Illustrated.  —Prac.  Engr.,  Jan.  4,  1895. 

FRICTION    in    Gear    Wheels. 

Paper  by  M.  Kohn  treating  from  a  theoretical  point  of  view  the  friction 
between  gear  teeth.  The  paper  is  illustrated.— Ztsch.  Ver.  Ing.,  Sept.  14, 
1*95. 

FRICTION  in  a  Water  Main. 

Experiments  resulting  in  giving  a  less  value  for  loss  of  head  than  Is 
found  from  Darcy's  or  Unwin's  formula.  — Proc.  Inst.  C.  E.,  Vol.  119.  Eng. 
News,  April  4,  1895. 

FRICTION,  Static    . 

Results  of  experiments  on  different  materials  under  different  pressure,  to 
determine  the  coefficient  of  static  friction.  Paper  read  by  C.  M.  Broom- 
all  before  the  Am.  Soc.    of  C.    E.  —Am.    Mach.,   April   18,    1895. 
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FUEL,  Calorific  Determination  of  the  Value  of  . 

The  calorimeter  test,  with  description  of  method  used.  Geo.  H.  Barrus. 
"With  discussion.  Illustrated.  Jour.  N.  E.  W.  W.  Assn.,  "Vol.  10.,  No.  1,  p. 
48  (1895). 

FUEL    Cheap   

By  Eckley  B.  Coxe.  Illustrated  by  charts.     Am.  Mach.,   May  23,  1895,  p.  405. 

FUEL,  CONSUMPTION  in  an  Edison  Electric  Station. 

Approximate  analysis  of  the  use  of  coal  in  a  station  of  the  type  standard, 
about  1890,  the  result  showing  abotit  5  pounds  of  coal  to  the  electric  H.  P. 
R.  S.  Hale.  —Jour.  Ass'n  Eng.  Socs.,   Vol.   XV,   No.   2,    pp.   57-68   (1895). 

FUEL    CONSUMPTION   in    Electric    Power   Stations. 

See  COAL  CONSUMPTION. 

FUELS. 

Relative  value  of  different  fuels,  by  E.  P.  Reichhelm.  — Am.  Mach.,  Jan.  10, 
1895. 

FUELS. 

See  COAL,  GAS,  OIL. 

FURNACE    CONSTRUCTION;    Siemens-Martin  . 

Recent  progress  with  a  view  to  more  rapid  heating  and  increasing  the  life 
of    the   furnace.  — Ch.    Walrand.  — E.  &  M.  Jour.,  June  29,  1895,  p.  606. 

FURNACE,   the   Down   Draught    . 

Its  direct  aid  in  smoke  abatement  when  used  in  overworked  boilers.  Il- 
lustrated.   William    H.    Bryan.— Cassier,  Vol.  8,  No.  6,  p.  572  (1895).  . 

GAINING   MACHINE. 

Single  head  automatic  gaining  machine  made  by  Defiance  Machine  "Works. 
Illustrated.  —Am.  Mach.,  Feb.  7,  1895. 

GALVANIC  BATTERIES;  Maximum  Efficiency  of   . 

Investigation  showing  it  to  be  1  1-1G  horse  power  for  one  hour.  Dr.  Henry 
Morton.  —Cassier,  Vol.   VIII,   No,  2   (1895),  p.  131. 

GALVANIZING. 

Relative  values  of  copper,  tin,  zinc  and  lead  bond,  and  special  comparison 
of  the  hot  immersion  process  and  the  Cowper-Coles  electro-chemical  bath 
for  large  pieces,  such  as  bridge  members,  roof  and  other  structural  work. 
M.  P.  Wood,  for  Am.   Soc.  Mech.  Engs.  Sci.  Am.  Sup.,  Jan.  19,  1895. 

GALVANIZING,  Recent  Improvements  in  . 

The  zinc  and  lead  prcesses,  with  especial  explanation  of  meth  ods  and  su- 
periority of  the  Cowper-Coles  galvanizing  process.  An  illustrated  serial.  — 
Lon.  Engineer,   June  7,  1895,  p.  494,  et  sea.. 

GARBAGE  Disposal. 

The  use  of  garbage  for  steam  raising  for  electric  lighting  advocated  both 
for  disposal  of  the  garbage  and  for  economy  of  fuel.  T.  W".  Baker.  —Cas- 
sier, March,  1S95. 

GARBAGE    Disposal. 

Its  utilization  for  generating  steam,  as  applied  in  seme  English  towns.  — 
Trans.   Soc.  of  Engineers,   1894,  p.  183. 

GARBAGE   Disposal   . 

The  works  of  Philadelphia,  "Wilmington,  Del.;  Atlanta,  Pittsburg,  Allegheny, 
Cincinnati  and  St.  Louis.  Practical  working  of  the  different  processes 
used.    Illustrated.  — Munic  &  Co.,   October,   1895. 

GARBAGE  Utilization. 

The  Arnold  system  as  applied  in  Boston.  Description  of  the  20-ton  plant, 
processes   and    results.    Illustrated.  — Eng.  News.,  March  28,  1895. 

GASES,   Adiahatic   Expansion   of   . 

Description  of  a  rather  simple  method  of  drawing  the  adiabatic  curve  for 
air.  — Amer.    Mach.,    June   13,   1895. 

GAS   and    Oil   Engines. 

See    OIL   ENGINES. 
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GAS  AND  OIL  ENGINES  for  Water  Works. 

Their  advantage  in  certain  small  works,  or  as  auxiliary  engines  and  other- 
wise. Their  use  at  Carlsrhue,  Leer,  Truen,  Gottingen,  Meissen,  Munster, 
Rothenberg  and  other  German  cit  iee.  Illustrated.  — Eng.  Rec,  June  1, 
1895,  p.  4. 

GAS,  Cost  and  Price  of  . 

Details  of  extended  investigation  for  Des  Moines,  Iowa,  resulting  in  fixing 
the  price  of  illuminating  gas  of  24-candle  power  at  $1.40;  of  fuel  gas  of 
SO  per  cent,  heat  energy  at  $1.10  per  1000,  and  of  street  lamps  at  $17 
each  per   year.  — Municipality    and   County,   May,   1895,   p.   186. 

GAS  ENGINE. 

See  ENGINE,  MOTOR, 

GAS  ENGINE  as  Motor  for  Water  Worlts. 

An  article  by  Max  Munzel,  describing  various  water  works  where  the  gas 
engine  is  used  as  motor.  It  is  well  illustrated  and  is  very  interesting,  giv- 
ing   much    new    material.  —Jour.     f.  Gasb.  u.  Wasserv.,  Jan.  12,  1895,  et  seq. 

GAS-ENGINE    for    the    Propulsion    of    Ships. 

The  use  of  a  40  H.  P.  "Simplex"  gas  engine  for  the  motion  of  the  propellor 
of  a  ship.  The  article  is  illustrated  and  it  gives  the  results  of  tests  which 
seem  to  promise  a  good  deal  for  the  future.  — Pr.  Msch.  Cnstr.,  March  28, 
1895. 

GAS  ENGINE  in  Practical  Life. 

A  series  of  articles,  by  G.  Lieckfeld,  in  which  a  great  many  practical  points 
for  the  successful  running  of  a  gas  engine  are  given.  — Jour.  F.  Gasb.  U. 
Wasserv.,  June  1,  1895,  et  seq. 

GAS   ENGINE  Provided  Witli  Valve   Gear  Moved  by  Eccentric. 

An  illustrated  article  giving  detailed  information  of  this  new  motor  manu- 
factured by  B.  Stein  in  Berlin.  The  details,  are  quite  interesting.  — Pr. 
Msch.   Canstr.,  Jan.   3,   1895,  et  seq. 

GAS   ENGINE,    Status  of    . 

Its  availability  and  advantages  under  certain  conditions;  its  probable  fu- 
ture.     By  Mr.    Reeve.      With   discussion.  — R.    R.  Gaz.,  April  19,   1895. 

GAS  ENGINE,  The  Charon. 

An  engine  of  1.25  H.  P.  of  this  type  is  described  in  this  article,  and  excel- 
lent detail  drawings  accompany  the  same.  — Pr.  Msch.  Cnstr.,   April  11,  1895. 

GAS  ENGINE,  The  Port  Wayne  . 

Illustrated.  —Power,    Dec,   1894. 

GAS  ENGINES. 

Discussion  of  .     By  the  American   Soc    of   Mech.   Engrs.  —Power,    May, 

1895,    p.    4. 

GAS  ENGINES  and  Petroleum  Engines. 

A  thorough  article  by  A.  Freitag,  describing  and  fully  illustrating  a  large 
number  of  new  Glomon  Gas  and  Petroleum  engines.  — Ztsch.   Ver.   Ing.,   Jan. 

12,  1895,  et  seq. 

GAS-ENGINES    at    the    International    Exhibition  at  Antwerp,  1S94. 

A  well  illustrated  article  by  F.  Freytag,  describing  the  most  interesting 
gas  engines  exhibited  at  Antwerp.  The  article  also  contains  the  records 
of  tests   made  of   some   of   the  engines   described.  —Ztsch.   Ver.    Ing.,    April 

13,  et  seq. 

GAS   ENGINES  for  Driving  Electric    Dynamos. 

Their  satisfactory  use  at  Danbury,  Conn.  —Eng.  News,  May  23,  1895, 
p.   335. 

GAS   ENGINES  for  Water  Pumping. 

Their  use  in  Germany,  with  description  of  several  pumping  stations  using 
them.    Illustrated.  —Eng.    Rec,    March  30,  1895. 

GAS  ENGINES  in  an  Electric  Central    Station. 

Their  application  in  Belfast,  with  general  details.  Illustrated.  — Elec 
World,  May  18,  1895,  p.   581. 
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GAS    ENGINES,   Oil    Engines    and   . 

See   OIL   ENGINES. 

GAS,  Explosive  Mixtures  of  Air  and    Coal . 

Results  of  experiments,  by  Frederick  Grover,  to  determine  the  effects  of  the 
products  of  combustion  on  the  explosion.  — Prac  Eng.,  Sept.  20,  1895,  et    seq. 

GAS;  Heating-  witli   illuminating . 

Its  practicability,  with  methods  and  details  of  use.  Illustrated.— Frederick 
Siemens.  —Eng.    Mag.    Vol.    ix,    No.  5,  p.  860  (1895). 

GAS,   Illuminating   . 

A  new made  of  coal  dust  and  lime  and  having  fifteen  times  the  illumi- 
nating power  of  ordinary  gas.  — Eng.  Mech.,  March,  1895. 

GAS,  Illuminating   . 

The  manufacture,  in  the  electric  furnace,  of  carbide  of  calcium,  from  which 
acetylene  is  easily  derived,  giving  the  most  powerful  illuminating  gas  at  a 
cost  of  about  $1.50  per  thousand  feet.  — Elec.  Rev.,   Feb.  15,   1895. 

GAS  METERS,  Automatic   . 

An  article  by  H.  Homann  on  the  various  automatic  gas  meters  which  in  late 
years  have  come  into  such  general  use  in  Great  Britain.  The  article  is 
well  illustrated  and  shows  a  large  variety  of  "nickel  in  the  slot"  machines. 
—Jour,   f  Gasb.  u.  Wasserv,   Feb.  2,  1895,  et  seq. 

GAS    Motor. 

See  MOTOR. 

GAS  MOTOR  for  Street   Railways. 

See   STREET  RAILWAYS. 

GAS  MOTORS.    Progress  in  the  Design  of  . 

Paper  by  J.  Korting  read  before  the  Engineering  Society  of  Hanover,  in 
which  the  above  subject  is  treated  in  a  general  manner,  besides  giving  a 
few  illustrations  of  modern  practice.— Ztsch.  Ver  Ing.,  Aug.  31,  1895. 

GASHOLDER    Construction. 

Principles  involved  and  their  solution.  E.  L.  Pease.  With  discussion.  — 
Trans.  Soc.  of  Engineers,  1894,  p.  95 

GASOLENE  ENGINES;  Test  of   • 

A  report  of  E.  Meyer  of  some  very  interesting  tests  of  an  Otto  Gasolene 
engine,  with  special  reference  to  the  influence  of  the  percentage  of  gasolene 
in  the  mixture  on  the  time  of  ignition.— Ztsch.  "Ver  Ing.,  Aug.  17,  1895,  et 
seq. 

GASOMETERS,   The  Modern    . 

Formulated  rules  according  to  which  the  new  large  gasometers  should  b& 
resigned.  The  article  is  especially  interesting  with  reference  to  the  guid- 
ing in  vertical  direction  of  the  gasometer.  M.  Nieman.  —Jour.  f.  Gasb.  u. 
Wasserv.,  April  6,  1895,  et  seq. 

GAS   POWER. 

Description  of  the  gas  propelled  barge  L'Idee,  with  reversing  propeller.  Il- 
lustrated. — Lon.  Engineer,  March    1,  1895. 

GAS   POWER. 

Description  of  the  gas  propelled  barge  L'Idee,  with  reversing  propellor.  Il- 
lustrated. —Lon.    Engineer,    March    1,  1895.     Sci.  Am.  Sup..  April  13,   1895. 

GAS;  Power  . 

The  Thwaites  method  and  plant  for  producing  power-gas  from  bituminous 
coal  without  trouble  from  the  hydrocarbons  choking  the  gas  pipes.  Illus- 
trated. —Lon.   Engineer,   July  5,   1895,  p.  3. 

GAS,  Some  Tests  With  Fuel    . 

Description  of  tests  made  by  the  S.  Pacific  Co.,  at  Sacramento.  Cal.,  tO' 
determine  the  comparative  efficiency  of  coal  and  fuel  gas.  Three  different 
kinds  of  coal  were  used.  — Amer.  Eng.  and  Ry.  Jour.,  July,   1895. 

GAS   STOVE,  The  Regenerative    . 

Article  by  F.  Siemens,  describing  the  well-known  system  of  the  author.  It 
is  well  illustrated,  and  gives  many  good  hints,  especially  as  to  the  auto- 
matic regulation  of  heat.  —Jour.   f.   Gasb.    u.   Wasserv.,   Jan.   19,    1S95. 
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GAS   "WORKS;   The    Glasgow . 

The  Dansholm  station— Extended  description  of  the  plant  and  of  the  labor- 
saving  appliances  connected  with  it.  Illustrated  serial. — Lon.  Eng.,  July  26, 
1895,   p.    107,   et  seg. 

GAUGES,  Pressure   . 

The  construction  and  use  of  pressure  gauges;  by  C.  R.  L.  Lemkes,  London, 
Eng.  — Prac.  Engr.,  Dec.   7,   1894,   et  seq. 
GEARING 

for  the  reduction  of  speed,  by  Geo.  B.  Grant.  Illustrated.  — Am.  Mach., 
Sept.  19,   1895,  p.   741. 

GENERATOR,  Slow  Speed   . 

General  Electric  Co.'s  slow  speed  four  pole  generator.  Illustrated.  —Power, 
Jan.,  1895. 

GEODETIC    SURVEYING,    Base-Line    Measurement. 

The  use  of  steel  tapes  and  steel  and  brass  wires.  Translation  of  paper  by 
Edv.  Jaderin.  —Part  2  of  Report  of  Supt.  of  the  U.  S.  Coast  and  Geodetic 
Survey  for  1892-3,  pp.  125-164. 

GIRDERS,  Economical  Depth  of   . 

Diagram  for  its  determination,    constructed    by    Wm.    G.    Kirchoffer.  —Eng. 
News,   Sept.  12,   1895,  p.  166. 
GIRDERS,   Stiffeners    for   Plate  . 

Vertical  stiffeners  preferable  to  the  inclined  maintained  by  C.  A.  P.  Turn- 
er. In  reply  Prof.  J.  B.  Johnson  explains  fully  the  theory  of  plate  girder 
stresses  showing  the  usual  advantage  of  inclined  stiffeners.  — Eng.  News, 
April  25,   1895. 

GOVERNORS;    Centrifugal   . 

Lecture  by  M.  Talle  before  the  Eng.  Society  of  Cologne,  in  which  the  au- 
thor thoroughly  analyzes  the  various  kinds  of  centrifugal  governors.  The 
method  of  investigation  is  principally  a  graphical  one.— Ztsc'h.  Ver  Ing,  June 
22,  1S95,  et  seq. 

GOVERNORS,   Shaft   . 

Apparatus  for  automatically  recording  the  action  of  shaft  governors.  - 
Am.  Mach.,  Dec.  5,  1S95,  p.  966. 

GRAMOPHONE,  Technical  Notes  on  the   . 

A  lecture  by  Emile  Berliner  before  the  Franklin  Institute.  —Jour.  Frank. 
Inst.,    Dec,   1895,   p.   419. 

GRATES,  Openings  in   of  Boilers. 

Deductions  as  to  the  ratio  area  of  openings  to  the  total  grate  area,  from 
a  test  made  on  a  boiler  using  grates  with  a  small  percentage  of  Openings, 
by  Fred  A.  Sheffler.  —Trans.   A.  S.  M.  E.,  Vol.  XV. 

GREASE   EXTRACTOR. 

Machine  for  extracting  grease  from  exhaust  steam.  Illustrated.  —Am. 
Mach.,  May  16,  1895,  p.  381. 

GRINDING   LATHE,   Universal    . 

Article  describing  a  machine  built  by  A.     Falkenau,    in    Philadelphia.      It 

gives  the  details  of  the  machines  in  excellent  illustrations.  — Pr.  Msch. 
Cnstr.,  Dec.  20,  1895. 

GRINDING  MACHINE. 

See  MACHINE. 

Harhor  Electric  Lighting  at  New  York  City. 

See   ELECTRIC   LIGHTING. 

HARBOR   IMPROVEMENT. 

Details  of  construction  of  a  large  tidal  basin  at  Rochefort.  Materials, 
methods  and  cost.  The  masonry  construction  was  extensive  and  excellent. 
Crahay  de  Franchimont.  "Well  illustrated.— Annales  des  P.  &  C,  Vol.  7, 
No.  5,  pp.  459-602  (1895). 

HARBOR  IMPROVEMENT;  the  Otago   Upper  . 

General  conditions  and  methods.  Illustrated.  G.  M.  Barr.— Proc.  Inst.  G. 
E.,  Vol.  CXXI,  p.  200  (1895). 


lx  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

HARBOR  Improvement. 

Gray's  harbor,  Washington;  its  situation,  condition  and  suggested  method  of 
improving  the  bar  by  converging  jetties  built  of  brush  and  sheet  piling.  By 
Bolton  W.  De  Courcy.    With  discussion.  —Trans.  A.  S.  C.  E.,  Dec.  1894. 

HARBOR  Improvement. 

See  DOCKS. 

HARBOR  IMPROVEMENT. 

See  DOCKS  and  DRY  DOCKS. 

HARBOR    IMPROVEMENT;    the   Ardrossan  . 

The  docks,  piers  and  basins  constructed,  and  general  methods  used.  R. 
Robertson.— Proc.  Inst.   C.   E.,  Vol.   CXX,  p.  289  (1895). 

HARBOB    Improvement. 

The  plans  for  Seattle,  Washington,  with  two  maps.  — R.  R.  Gaz.,  March  29, 
1895. 

HARBOR  IMPROVEMENTS  at  Havre,    Prance. 

proposed  works  here  and  in  the  estuary  of  the  River  Seine — With  maps.  — 
July  26,  1895,  p.  79. 

HARBOR  IMPROVEMENTS  at  Southampton,  England. 

The  recent  dock  improvements,  including  the  new  dry  dock  750  ft.  long,  87% 
ft.  wide  and  3iy2  ft.  deep    Well  illustrated.    Lon.  Eng.,  Aug.  9,  1S05,  p.  169. 

HARBOR  of  Batavia,  Java. 

The  artificial  harbor  formed  by  two  stone  piers,  each  more  than  one  mile 
in  length.     Illustrated.  —Don.   Engineer.  Aug.  30,  1895,  p.  204. 

HEAT  ENGINE. 

See  ENGINE. 

HEAT   LOSSES    in   Cylinder  Walls. 

See  CYLINDER  WALLS. 

HEAT,    Mechanical    Equivalent    of . 

Electric  apparatus  for  determining  the  mechanical  equivalent  of  heat. 
Paper  read  before  the  Physical  Society  by  W.  E.  Ayrton  and  H.  C.  Hay- 
croft.    Illustrated. 

HEATER.  Weed  Water   . 

Illustration  and  description  of  the  new  Wainwright  water-tube  feed-water 
heater  made  by  Taunton  Locomotive  Mfg.  Co.  — Elec.  Eng.,  Dec.  12,  1S94. 

HEATERS,  Feedwater   ■ . 

Rating  by  the  number  of  square  feet  of  heating  surface  adopted  by  heater 
manufacturers  at  the  New  York  meeting,  Jan.  26,  1895.  —St.  Ry.  Jour., 
April,  1895. 

HEATING. 

See  ELECTRICITY,  ELECTRIC  HEATING,  ELECTRIC  STATION, 
STEAM, 

HEATING;   Illuminating;   Gas   for . 

See  GAS. 

HEATING  of  Living  Rooms. 

Description  of  the  various  methods,  with  advocacy  of  the  use  of  gas.  By 
W.   Hempel.  —Jour.   f.  Gasb  u.  Wasserv,  March  9,  1S95. 

HEATING  SYSTEM  Tests. 

Report  of  a  test  of  the  system  in  Engineering  Hall  of  the  University  of 
Illinois.  Prof.  L.  P.  Breckenridge.  —University  of  Illinois  "Techno- 
graph,"    No.    9    (1895). 

HEATING  and  Ventilating. 

The  proportioning  of  the  ducts  for  .    Extensive     analytical     discussion, 

with  diagrams.    By  Carl   S.   Fogle,  Eng.  Rec,  Feb.  16,  1895. 

HEATING  and  Ventilating. 

A  study  of  the  plants  in  the  Suffolk  County  Court  House,  and  the  Massa- 
chusetts State  House  in  Boston,  comparing  hot  water  and  steam  systems. 
Illustrated.  Percy  N.  Kenway.  —Jour.  Assn.  Eng.  Socs.,  Vol.  XV,  No. 
4,   p.    158   (1S95). 
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HEATING  AND  VENTILATION.  Modern  Methods  in 

An  illustrated  article  by  H.  Fischer,  in  which  various  new  designs  in 
this  branch  of  engineering  are  described.  The  article  is  illustrated.  — 
Ztsch.  Ver.  Ing.,  April  20,  1895. 

HEATING  AND  VENTILATION  of  Theatres. 

Article  by  Hermann  Fischer,  giving  rules  and  results  as  to  the  ventilation 
and  heating  of  theatres.  The  article  describes  in  detail  the  heating  and 
ventilation  of  a  new  theatre  at  Berlin,  giving  ample  illustration.  —Ztsch. 
Ver.  Ing.,  Dec.  22,  1894. 

HEATING  AND  VENTILATION  of  the   National  Bank  of  Rome. 

Article  by  Bmil  Hieke  fully  describing  this  thoroughly  modern  installation. 
Well  illustrated.  —Ztsch.  Ver.   Ing.,  Jan.  19,  1895. 

HEATING  AND  VENTILATION  of  the    New   Hospital   in    Stuttgart. 

Article  by  Curt  Randel,  fully  illustrated,  describing  the  remodelling  of  a 
defective  plant  into  a  thoroughly  modern  one.  — Ztsch.  Ver.  Ing.,  Dec.  29, 
1895. 

HEATING    AND    VENTILATION    of    the  Union  Depot  at  St.  Lonis. 

Detailed  description.  Illustrated  serial.  — Eng.  Rec,  July  13,  1S95,  p.  121, 
et  seq. 

HEATING  AND  VENTILATING  Tall   Building's. 

Requirements,  difficulties  and  methods.  L.  Allen.  — Eng.  Mag.,  Vol.  IX,  No. 
3  (1895),  p.  47G. 

HIGHWAY  IMPROVEMENT. 

Legal,  administrative  and  technical  features  of  the  public  roads  improve- 
ment of  Massachusetts,  popularly  considered.  Burton  H.  Allbee.  — Pav. 
and  Munic.  Eng.,  Jan.,  1895. 

HIGHWAYS,   Camden   County,  N.  J.,   . 

Plans   and   specifications.    Illustrated.  —Eng.   Rec,   June  22,   1895,  p.  61. 

HOIST. 

The   Harrington   Hoist.    Illustrated.  —Am.  Mach.,  Feb.  7,  1895. 

HOIST,  Eleetric  Mining-   brought    out   by   General   Electric    Company. 

Illustrated.  —Power,    Dec,   1894. 

HOLLAND,  How  It  Was  Made. 

History  and  general  account  of  methods  of  the  reclamation  of  this 
country  from  the  sea.  Interesting  resume,  with  maps  and  cuts.  Foster 
Crowell.  —Eng.    Mag.,   Vol.    IX,    No.  2,  p.  204  (1895). 

HOLLOW  RINGS,  Strength  of . 

Article  by  O.  C.  Reymann,  in  which  practical  formulas  for  computing  the 
necessary  thickness  to  withstand  internal  pressure  are  reduced.  —Ztsch. 
Ver.  Ing.,  Jan.  19.  1895,  et  seq. 

HYDRAULIC    Caisson   Foundations. 

See   FOUNDATIONS. 

HYDRAULIC  PRESS  for  Boiler  Plates. 

An  article  describing  and  illustrating  a  new  hydraulic  press  for  shaping 
boiler  plates.  — Prktsch  Msch.  Cnstr.,  April  25,   1895. 

HYDRAULIC  PUMP;  The  

Comparison  of  the  formulae  of  Weisbach,  Ruehlman,  Graeff,  Bidone, 
Breese,  Union  and  Merriman,  with  actual  experiment.  Illustrated.  —Robert 
Ferriday.  —Eng.    News,    July   11,    1895,  p.  28. 

HYDRAULIC  Transmission  of  Power. 

Artricle  by  P.  Moller,  describing,  discussing  and  illustrating  the  results  ob- 
tained by  the  Hydraulic  Power  Company  in  London.— Ztsch.  Ver  Ing.,  July 
6,  1895. 

ICE. 

See  TESTS, 

ILLUMINATION  by  Incandescent  Gas    Burners. 

Director  Muchall,  of  Wiesbaden,  gives  in  this  instructive  article  the  results 
obtained  by  this  method  of  lighting  the  streets  of  Wiesbaden.  —Jour,  f  Gasb. 
u.  Wasserv,  March  2,  1895. 
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ILLUMINATION,    Measuring  . 

Advantages  and  new  method  of  measuring-  the  amount  of  illumination  in- 
stead of  the  intensity  of  the  light  itself.  By  Edwin  J.  Houston  and  A.  E. 
Kennelly.—  Elec.    World,    Mar.    9,  1895.    Elec.    Engr.    Mar.    6,    1S95. 

ILLUMINATION.    The   Incandescent    Lamp   of  Auer  von   Welsbach. 

An  article  by  E.  Glinzer  describing  this  new  lamp,  but  especially  giving  the 
previous  work  in  that  line.  The  article  also  discusses  the  manner  of  manu- 
facture of  the  lamp.  —Jour.  P.  Gasb.  u  Wasserv.    May  11,  1895,  et  seq. 

INCANDESCENT  Lamp. 

Detailed  description  of  its  manufacture.  Fully  illustrated.  Johannes  H. 
Cuntz.  — Cassier,    Feb.,    1895. 

INCANDESCENT  LAMPS,  Tests  of   . 

Tests  and  description  of  measuring  instruments  to  determine  if  the  age- 
ing of  the  Aliment  makes  it  uneconomical  before  its  life  limit  is  reached. 
Prof.   W.   E.   Ayrton   and   E.    A.   Medley.  —Elec.  Rev.,  May  3,  1895,  et  seq. 

INCLINE  RAILWAY;   the  Mount  Hamilton    — . 

Equipment,  power  and  construction  of  this  cable  railway  at  Hamilton,  On- 
tario.   Illustrated.— St.    Ry.    Rev.,   Vol.  5,  No.  10,  p.  631  (1895). 

INDICATOR. 

Errors  in  reducing  motion.    Illustrated.  —Power,  Dec,   1804. 

INDICATOR   CARD  antl   Its  Application     to     Represent     Graphically     the 
Loss  or  Gain  of  Heat  of  the  Steam. 

An  article  by  Prof.  C.  Brauer,  in  which  a  new  and  simplified  method  is 
shown  by  means  of  which  the  above  mentioned  loss  Or  gain  may  be  rep- 
resented graphically  in  connection  with  the  ordinary  indicator  card.  — Ztsch. 
Ver.  Ing.,  April  6,  1S95. 

INDICATOR   REDUCING   MOTION. 

A  new  reducing  wheel  for  steam  engine  indicators,  brought  out  by  Hine  & 
Robertson,    New    York.    Illustrated.  —Power,    Mch.,    1895. 

INDICATOR.    Springs    of    the    . 

A  determination  of  the  constants  for  indicator  springs  that  have  been  cal- 
ibrated cold,   by  R.   C.   Carpenter.  —Trans.  A.  S.  M.  E.,  Vol.  XV. 

INDICATOR,   Use    of  the   in   Dynamometric   Testing. 

Use  of  the  indicator  for  obtaining  continuous  records.  A  paper  by  Wm.  S. 
Aldrich.  —Trans.   A.   S.   M.   E.,   Vol.  XV. 

INDICATORS,  Comparison   of  the   Results  Obtained  by  Different   . 

By  D.  S.  Jacobus.  —Trans.  A.  S.  M.  E..  Vol.  XV. 

INTAKE,  The  Milwaukee  Water  Works   . 

Full  description  of  this  difficult  and  important  work,  recently  completed  in 
the  face  of  serious  impediments.  Consists  of  tunnel  3200  feet  long  at  shore 
end;  then  5000  feet  of  submerged  pipe,  extending  to  an  intake  crib.  Illus- 
trated. — Eng.  News,  Sept.   19,  1895.  p.   1S7. 

INTAKE  PIPE,  "Wooden   . 

The  economical  construction  of  a  submerged  water-works  pipe  at  New 
Whatcom,    Washington.      Illustrated.  —Eng.    News,    May  23,   1895,   p.   343. 

INTAKE;  Water  Wiorlss 

See  WATER  WORKS. 

INTAKES,  Prevention  of  Ice  at   . 

Methods  used  at  Chicago,  Milwaukee,  Cleveland,  Erie  and  Buffalo,  with 
conclusions   by   Edward    B.    Guthrie.  —Eng.  Rec,   April  27,   1S95. 

INTEGRATORS;    Mechanical   . 

The  Amsler  Planimeter  and  Polar  Tractrix  discussed  by  Prof.  J.  B.  Webb 
—Stevens'  Indicator,  Vol.  XII,   No.  2,  p.  148  (1895). 

IRRIGATION. 

A  paper  by  A.  B.  Wyckoff  on  its  application  in  the  arid  regions  of  Western 
America.  — Jour.  Frank.  Inst.,  Oct.,   1895,  p.  241. 
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IRON. 

"Does  iron  crystallize  by  vibration?"  by  H.  M.  Howe.  — Prac.  Engr.,  Jan. 
25,  1895. 

IRON. 

See  METALS,  PRESERVATION  OF  METALLIC  STRUCTURES,  RESIS- 
TANCE. OP  MATERIALS,  RIVETS,  RUSTLESS  COATINGS,  TESTS, 
WROUGHT    IRON,    BUILDING    CONSTRUCTION. 

IRON,   Annealing  of—,  Electric  . 

As  applied   to   armor  plate.    By  Elihu  Thomson.  — Elec.  Engr.,  Mch.  6,  1895. 

IRON   Construction. 

Work  on  Tremont  Temple,  Boston,  Mass.  General  plans  and  details  ol 
iron  work.  Well  illustrated.  C.  H.  Blackall.  —Eng.  Rec,  Dec.  28,  1895,  p. 
61. 

IRON;    Ingot   .     ' 

Weaknesses  generally  traceable  to  a  greater  percentage  of  impurities  than 
should  be  allowed.— Lon.  Engineer,  Oct.  4,  1895,  p.  330. 

IRON   Manufacture,    Historical    Review  of  . 

Presidential  address  of  John  Fritz,  at  the  Bridgeport  meeting  of  the  Ameri- 
can Institute  of  Mining  Engineers.  —Am.  Eng.  &  R.  R.  Jour.,  Feb.,  1895. 

IRON  Pipe 

Tests,  specifications  and  treatment  of  a  large  quantity  of  lap-welded  pipe. 
—P.  S.  Hildreth.  —Eng.  News,  Mar.   21,    1S95. 

IRON  SMELTING,  Advances  in  Modern   . 

Historical  review  of  the  blast  furnace  in  the  U.  S.,  showing  the  great  pro- 
gress made.  John  Birkenbine.  Illustrated.  —Eng.  Mag.,  Vol.  IX,  No  3  (1S95), 
p.  483. 

IRON  AND  STEEL. 

See  METALS,  RESISTANCE  OF  MATERIALS,  ROLLED  BEAMS,  RUST- 
LESS   COATINGS,    SAND    BLAST. 

IRON  AND  STEEL;  Arsenic  in  . 

Determination  of  this  element  in  these  metals  and  in  iron  ores.  J.  E. 
Stead.  — E.    &   M.    Jour.,   June  29,   1895,  p.   608. 

IRON  AND  STEEL;  Effects  of  Low  Temperature  on   . 

The  great  discrepancy  between  different  experiments.  Likelihood  that 
phosphorus  in  the  metal  causes  a  weakening  in  low  temperatures.  —Eng. 
Rec,  July  13,   1895,  p.   110. 

IRON  AND  STEEL;  Rustless  Coatings  for  . 

Composition  and  classification  of  paints,  their  adulteration,  destruction 
and  preservative  qualities.  Extensive  consideration  given  in  a  serial.  — 
Sci.    Am.    Sup..    June    29,    1S95,    p.  16,250,   et  seq. 

IRON  AND  STEEL,  Rustless  Coatings    for   . 

Further  considered  by  M.  P.  Wood  in  regard  to  relative  value  under  differ- 
ent conditions.  Extensive  and  important  abstract.— Eng.  News.  Jan.  31, 
1895. 

IRON    STRUCTURES;    Painting . 

See  PAINTING. 

IRON,  Welds  in   . 

Relative  strength  of  butt  welded,  V  welded,  lap  welded  and  unwelded  iron. 
Results  of  tests  made  at  the  shops  of  the  So.  Pacific  Ry.  —Prac.  Engr., 
Dec.  7,  1894. 

IRON  WORK. 

Preservative  coatings  discussed  by  A.  H.  Sabin  before  the  New  England 
Railroad  Club.  —Eng.   News,  Feb.  7,  1895. 

IRRIGATION  and  State  Boundaries. 

The  conflict  of  interests  occurring  where  irrigation  interests,  topograph- 
ically allied,  are  in  different  states.— Proposition  to  change  all  state  lines 
of  the  West  to  conform  to  natural  boundaries.  Orren  M.  Donaldson.  — 
Irrigation  Age,  Feb.,  1895,   et  seq. 
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IRRIGATION  CANALS,  Silting  in   . 

See   SILTING. 

IRRIGATION  in  Egypt. 

The    ancient    system    of    works,    and  their  efficiency  and  extent,  contrasted 
with    modern   works    and   results.    The   status  of   projected   improvements. 
Illustrated.    Cope    Whitehouse.     —Eng.  Mag.   Feb.,   1895. 

IRRIGATION  in  Hawaii. 

Artesian  wells,  streams,  springs  and  reservoirs  used  as  supply  for  irriga- 
ting the  sugar  and  other  plantations.  —Irrigation  Age,  Vol.  VIII,  No.  6, 
p.   171   (18&5). 

IRRIGATION  in  Pern. 

Generally  favorable  conditions  existing  for  irrigation  on  the  Pacific  Coast 
of  Peru,  with  a  more  extended  description  of  existing  conditions  and  works 
of   the   different   districts.  — Lon.,  Eng.,  March  8,  1895,  et  seq. 

IRRIGATION  in  Wyoming. 

See   WATER  RIGHTS   IN   WYOMING. 

IRRIGATION,   Principles   of  . 

The  diverse  influences  of  the  civil  law  as  shown  in  Latin  countries  and  of 
the  common  law  as  shown  in  Anglo-Saxon  countries,  in  relation  to  water 
rights  and  their  effects  on  association,  enterprise  and  the  absolute  neces- 
sity of  control  in  the  interest  of  the  people  to  be  benefited.  Wm.  Ham. 
Hall.  —Irrigation   Age,   Nov.,   Dec,  1894,  et  sec.. 

IRRIGATION  System  of  tlie  Swan  Lake  Co.,  Utah. 

See  RESERVOIR. 

IRRIGATION;  Underflow  as  Related   to   . 

The  rate  of  underflow  depends  on  material,  slope  and  geological  features; 
its  existence  unquestioned.  Its  utilization  will  make  possible  a  great  de- 
velopment of  arid  America.  H.  V.  Hinckley.— Eng.  Mag.,  Vol.  X,  No.  1, 
p.  84. 

IRRIGATION    Works    of   Egypt. 

General  statement  of  development  on  this  line  since  the  British  occupation. 
Illustrated    serial.— Lon.    Engineer,   Sept.  20,   1895,  p.  275,  et  seq. 
JACK. 

A  roller-bearing  screw  jack,  made  by  Newark  Machine  Tool  W  jrks.  Illus- 
trated. —Am.  Mach.,   Feb.  7,  1895. 

KNEE   LEVER,   The   . 

Article  by  L.  Vianello,  in  which  is  given  an  exhaustive  treatment  of  this  im- 
portant kinematic  link.  Practical  formulas  for  the  computation  of  the 
dimensions  of  the  knee-lever  are  deduced.  — Ztsch   Ver.   Ing.,    Mar.  2,    1895. 

LABORATORIES;  Engineering   . 

An  article  by  A.  Martens,  in  which  the  introduction  of  engineering  labora- 
tories into  the  German  polytechnic  schools  is  advocated,  the  argument 
being  principally  on  the  experience  from  the  United  States.— Ztsch.  Ver 
Ing.,  Aug.  17,  1895. 

LABORATORIES,  Engineering  . 

See  ENGINEERING  EDUCATION. 

LAKES,  Temperature  of   . 

Investigation  of  the  laws  of  change  for  different  depths  and  different  seasons. 
The  circulation  periods,  the  summer  stagnation  and  its  effects.  With  illus- 
trations and  discussion.  Desmond  Fitz  Gerald.  —Trans.  A.  S.  C.  E.,  Vol. 
XXXIV.   No.  2.  pp.   G7-114  (1895). 

LANDSLIDE;    Stopping    a   . 

Method  used  at  a  summit  tunnel  of  the  Southern  Pacific  R.  R.,  consisting 
of  a  retaining  wall  to  support  the  earth  and  the  regulation  of  two  troub- 
lesome creeks.  Illustrated.  John  D.  Isaacs.— Jour.  Assn.  Eng.  Socs.,  Vol. 
XV,  No.  3,  pp.  113-123  (1895). 

LATHE,  Turret   ■ , 

Made  by  Alfred  Herbert,  Coventry,  England.  Illustrated.  —Am.  Mach., 
Dec.  27,  1S94. 
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LAY  SCREW'S,  Holding  Power  of   . 

Results  of  tests  made  by  P.  Lobben,  at  Fitchburg,  Mass.  — Am.  Mach., 
Dec.  5,   1S95,  p.  964. 

LETTERING  for  Working  Drawings. 

The  principles  of  making  clear  and  well-cut  free-hand  slanting  letters  and 
figures.  Illustrated.  Charles  W.  Reinhardt.  -Eng.  News.,  June  13,  1895,  p. 
3S1. 

LEVELING;  Long  Distance   . 

Method  of  reciprocal  sights  used  for  sights  up  to>  over  a  mile  in  length  at 
Galveston  Harbor.  Details  of  operations  and  results.  Discussion  of  error 
due  to  the  direction  of  the  sun's  rays.  G.  Bagnall.— Proc.  Inst.  C.  E.,  "Vol. 
CXXI,   pp.   152-169  (1895). 

LIFT  BRIDGE,  Halstead  Street  ,    Chicago. 

See   BRIDGE,    LIFT- 
LIGHT   Electric    . 

See   ELECTRIC    LIGHTING. 

LIGHT   Electric  . 

See    Electric    Lighting    mps ,  by  R.    Kennedy.    Illustrated.  — Elec.    Engr., 

Dec.  5,  1894. 

LIGHT,  Distribution  of   from  arc    lamps. 

By  R.    Kennedy.    Illustrated.  —Elec.  Eng.,  Dec.  5,  1894. 

LOCK,  Ship  Canal  . 

The  Canadian  lock  at  Sault  Ste  Marie.  Extended  description  of  this  great 
and  important  work,  now  completed.  Illustrated.  —Eng.  News,  Mar.  28, 
1895. 

LOCK,    The    Erie    Canal    Vertical    Lift  •. 

Full  and  interesting  description  of  this  57  ft.  lift  lock,  to  be  built  at  Lock- 
port,    N.    Y.    With    extended    editorial  comment.  — Eng.  News,  April  IS,  1895. 

LOCK;  the  New  Sanlt  Ste.  Marie  . 

History  of  this  largest  canal  lock  in  the  world,  with  description  of  the 
various  structural  features  in  detail.  Length  800  ft.;  width  100  ft.;  depth  21 
ft.;  lift  18  ft.  Fully  illustrated  serial.— Eng.  News,  Sept.  26,  1895,  p.  194, 
et  seq. 

LOCKS;   Caissons  and  Gates  for  Docks    and . 

Various  methods  of  construction.  General  discussion  of  merits.  W.  G. 
Wales.— Proc.  Inst.  C.  E.,  Vol.  CXXII,  p.  343  (1895). 

LOCOMOTIVE. 

Application  of  brakes  to  the  truck  wheels   of  .    Abstract  of  a   paper  by 

Gaetano  Lanza,  read  before  the  A.  S.  M.  E.  — Ry.  E.  &  M.,  Jan.,  1895. 

LOCOMOTIVE. 

Illustrated   article   describing   the   new    locomotive    for    Chicago,    Burlington 

and  Quincy  Railroad.  Specifications  are  given.  — Am.  Eng.  &  R.  R.  Jour., 
Dec.  12,  1895,  p.  579. 

LOCOMOTIVE   Boilers. 

See  BOILERS. 

LOCOMOTIVE    BOILERS. 

See  BOILERS. 

LOCOMOTIVE  Boilers. 

See  BOILERS,   LOCOMOTIVE- 
LOCOMOTIVE;    Compound   . 

The  article  describes  two  new  compound  engines  which  have  been  recently 
built  for  the  St.  Gothard  Ry.,  and  which  have  done  excellent  service. 
Ztsch.  Ver  Ing.,  June  29,  1895. 

LOCOMOTIVE,  Compound    . 

The  latest  engine  of  the  North-Eastern  Railway,  of  Great  Britain.  — Lon. 
Eng.,  July  5,  1895,  p.  25.     R.  R.   Gaz.,  Aug.  23,  1895,  p.  557. 


Ixvi  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

LOCOMOTIVE,  Compound  . 

Description  of  the  new  compound  locomotive  for  the  St.  Gothard  Railroad, 
by  Edward  Sawvage.  — Amer.  Eng.  &  R.  R.  Jour.,  Sept.,  1895,  p.  419. 

LOCOMOTIVE,  Counter-Balnn^iug. 

A  paper  by  W.  F.  M.  Goss,  read  before  the  A.  S.  M.  E.,  Dec,  1894.  Gives 
results  of  experimenls  —An.  E  ig.  &R.  R.  Jour.,  Jan.,  1895.  — Ry.  E.  & 
M.,  Jan.    1895. 

LOCOMOTIVE,  Counterbalancing;   . 

Statement  of  present  condition  of  the  discussion,  with  abstracts  of  papers 
by  D.  L.  Barnes  and  Prof.  W.  P.  M.  Goss,  and  of  a  committee  report  to  the 
Southern  and  Southwestern  Railway  Club,  with  editorial  comment.  —Eng. 
News,  Jan.  10  and  17,  1895;  R.  R.  Gaz.,  Jan.  11,  1895. 

LOCOMOTIVE,  Counter-Balancing. 

The  Strong  compound  locomotive,  furnishing  the  only  perfect  counter- 
balancing among  present  designs.— George  S.  Morison.  — R.  R.  Gaz.,  Feb., 
22,  1895. 

LOCOMOTIVE  Cranes. 

See    CRANES.    LOCOMOTIVE- 
LOCOMOTIVE    Cylinder    Condensation. 

See   CYLINDER  CONDENSATION. 

LOCOMOTIVE  Draft  Sheet. 

Forms  used  on  some  Southern  railroads,  and  their  effectiveness.  Illus- 
trated.  —Eng.    News,   Feb.  28,    1895. 

LOCOMOTIVE.    Economical    Efficiency  of  the   , 

Compared  with  efficiency  of  stationary  and  marine  engines,  not  unfavorable 
to  locomotive.  The  water  consumption  and  its  most  favorable  conditions. 
Advantages  of  compounding  and  of  steam  distribution  with  multiple  valves. 
— Ry.   Eng.,  Jan.,   1895. 

LOCOMOTIVE,   Efficiency   of   the   Johnstone   Compound    . 

A  table  giving  results  of  the  performance  of  six  compound  and  seventeen 
simple  engines  on  the  Mexican  Central  Railway.  — Am.  Eng.  &  R.  R.  Jour., 
March,   1895. 

LOCOMOTIVE   Electric    . 

New  electric  locomotive  on  the  belt  line  of  the  Baltimore  and  Ohio  Railroad, 
built  by  the  General  Electric  Cimpany.  Illustrated.  —Safety  Valve,  Jan., 
1895. 

LOCOMOTIVE;    Heavy    Express . 

A  new  62  ton  locomotive  for  the  Fitchburg  R.  R.  Illustrated.  — Eng.  News, 
Aug.  15,  1895,  p.  98. 

LOCOMOTIVE   Materials. 

Copy  of  the  standard  specifications  fior  tests  of  the  Baldwin  Locomotive 
Works.  — Prac.  Eng.,  Oct.  25,  1S95,  p.   334. 

LOCOMOTIVE;     Single-Driver    Express . 

Efficiency  of  this  engine  on  the  P.  &  R.  RR.  Illustrated.— R.  R.  Gaz.,  Aug. 
9,   1S95,  p.  98. 

LOCOMOTIVES. 

Diagrams  of  types  used  in  different  countries.  —Am.  Mach.,  Aug.  8,  1895, 
p.  622. 

LOCOMOTIVES. 

See  BOILERS,  COALING  STATION,  CRANES,  CYLINDER  WALLS, 
CYLINDER   CONDENSATION,    ELECTRIC  LOCOMOTIVES,  OIL,  STEAM. 

LOCOMOTIVES,  Compound   . 

Their  efficiency  shown  to  be  from  perhaps  10  to  40  per  cent.  Serial  by  F. 
W.   Dean.  — Ry.   Eng.,   Aug.,   1S95,    p.  257,   et  seq. 

LOCOMOTIVES,    Compound   Express    . 

As  designed  for  the  St.  Gothard  Railway.  Fully  illustrated.  —Eng.  News. 
Sept.   12,   1S95,   p.   166. 
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LOCOMOTIVES.    Dimensions  of  Exhaust-Pipes  and  Smoke-Stacks. 

Results  of  an  investigation  to  determine  their  best  dimensions.  Inspector 
Troske.  — Am.    Eng.    &   R.    R.    Jour.,  N'ov.,  1895,  p.   541. 

LOCOMOTIVES,    English   . 

Their  development,  with  especial  description  Of  the  new  8-ft.  driving 
wheel  locomotives  of  the  Great  Northern  Railroad.  — Lon.  Engineer,  Mar. 
1.  1895. 

LOCOMOTIVES;  Express   . 

Condensation  of  the  report  of  John  A.  F.  Aspinall  to  the  International 
Railroad    Congress.  — R.    R.    Gaz.,    July  12,   1895,  p.  460. 

LOCOMOTIVES.   Express   . 

Condensation  of  the  report  of  John  A.  P.  Aspinwall  to  the  International 
Railroad  Congress.  — R.  R.  Gaz.,  July  12,  1895,  p.  460.  Eng.  News..  Sept. 
12,  1895,  p.   170. 

LOCOMOTIVES;   Express    . 

Type  of  engine  most  suitable  for  high  speeds,  the  use  of  high  pressure  and 
application  of  the  compound  principle,  and  other  important  data  collated 
and  discussed.  With  diagrams.  Join  A.  F.  Aspinall.  Serial.  —Lon.  Engi- 
neer, June   14,    1895,   p.  504,   et   seq. 

LOCOMOTIVES,  Fonr  Cylinder  Compound  Freight   . 

Comparison  of  two  American  and  French  locomotives,  with  details.  Illus- 
trated. —Eng.  News,  June  13,  1895,  p.  387. 

LOCOMOTIVES   in   Emergency  Stops. 

Tests  on  the  N.  C.  &  St.  L.  R.  R.  showing  that  the  locomotive  should  not 
be  reversed  when  brakes  are  applied;  with  other  tests  and  deductions.— 
Eng.  News.   July  18,   1S95,  p.  36. 

LOCOMOTIVES   in   India. 

New  locomotives  for  the  East  Indian  Railway.  Description  and  details. 
Illustrated.  — Ind.   Eng.,  Jan.   5  and  12,  1895. 

LOCOMOTIVES:  \ew   Types   of  English . 

Improved  designs  introduced  by  various  companies— The  truck  becoming 
more  in  vogue.  — Eng.  News.,  Aug.  8,   1S95,  p.  93. 

LOCOMOTIVES,    Standard    Specifications  for  Tubes   for   . 

Report  of  the  committee  of  the  American  Master  Mechanics'  Association.  — 
Prac.  Engr.,  July  26,  1895.    Mast.  Mech.,   July,  1895. 

LUBRICANTS. 

Their  kinds,  relative  advantages,  special  applications  and  efficiencies.  The 
different  quality  tests  and  their  varying  approximations  toward  indications 
of  quality.    Chas.   M.  Everest.  —Gassier,  Jan.,  1895. 

LUBRICANTS,  and   Lnbrication. 

An  article  discussing  the  compositions  of  oils  and  their  effects  upon  metals. 
—Prac.  Engr.,  June  7,  1895.  et  seq. 

MACADAM,   Cost  of  Maintaining   . 

The  cost  in  Berlin,  Prussia,  given  in  considerable  detail,  averages  19.8 
cents  per  yard  per  year;  while  wood  and  asphalt  average  16.05  cents  and 
10  cents  respectively.  — Pav.  &  Munic.  Eng.  Feb.,  1S95. 

MACADAMIZED    ROADS.   Maintenance  of -. 

Methods  of  machine  work,  as  practiced  in  Scotland.  —Prac.  Inst.,  C.  E.,  Vol 
122,  p.  215  (1895);  abstract,  Eng.  Rec,  Nov.  9,  1895,  p.  422. 

MACHINE. 

See  MILLING  MACHINE, 

MACHINE.    Cotter   Grinding   , 

Brought  out  by  Foote,  Barker  &  Co.,  Cleveland,  O.  Illustrated.  —Am.  Mach., 
Dec.  20,  1894. 

MACHINE  DESIGN. 

See   DESIGN,    ENGINEERING   EDUCATION. 
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MACHINE.  Design  of   . 

The  factor  of  safety  in  machine  design.    By    Wm.    Kent.  —Am.    Mach.,    Dec. 
20,  1894. 

MACHINE    DESIGN,    Teaching-    . 

See  ENGINEERING  EDUCATION. 

MACHINE.   Facing- 

For  boiler  manholes.    Illustrated.  —Am.  Mach.,  Jan.  24,  1895. 

MACHINE.  Grinding   . 

Landis  Bros.'  improved  universal.    Illustrated.  —Am.   Mach.,  Jan.   31,  1S95. 

MACHINE.   Grinding   . 

Universal,  built  by  Alfred  Herbert,  Coventry,  England.  Illustrated.  —Am. 
Mach.,  Jan.  10,  1895. 

MACHINE.   Grinding   . 

Universal,  built  by  Alfred  Herbert,  Coventry,  England.  — Mach.,  Jan.  31, 
1895. 

MACHINE.  Keyseating   . 

Mitts  &  Merrill's  improved  Giant  Keyseater.  Illustrated.  —Am.  Mach.,  Jan. 
10,  1895. 

MACHINE.    Milling   . 

An  English  vertical  milling  machine.  Illustrated.  — Am.  Mach.,  Dec.  13,  1894. 

MACHINE.    Milling   . 

Attachments   for   universal .    By  W.  E.  Willis.    Illustrated.  —Am.   Mach., 

Dec.  27,  1894. 

MACHINE.    Shaping 

21  inch  pillar  shaping  machine,  made  by  the  Lodge  &  Davis  Co.  Illustrated. 
—Am.   Mach.,  Jan.  24.  1895. 

MACHINE.   Shaping   . 

32-inch  shaping  machine,  made  by  Gould  &  Eberhart.  Illustrated.  —Am. 
Mach.,  Dec.  27,  1S94. 

MACHINE    SHOP   POWER. 

Use  of  the  electric  motor  for  driving  machine  tools,  by  Geo.  Richmond. 
Paper  read  before  the  Am.    Soc.   ofMech.    Engrs.  —Power,    Mar.       1S95. 

MACHINE  TOOLS  Provided  "With  Electrical  Motor, 

Manufactured  by  the  Oerlikon  Machinery  Co.  By  Wiest-Kunz.  Illustrated. 
Ztsch.  Ver.  Ing.,  Dec.  20,  1895. 

MACHINE  TOOLS;  Some  Recent   . 

Examples   of  multiple   drilling,    boring  and    milling    machines    and    planing 

machines  and  their  application.  Well  illustrated.  George  L.  Clark.  — Cas- 
sier,  Vol.  VIII,   No.  2  (1895),  p.   113. 

MACHINERY    of   Warships. 

Exhaustive  and  valuable  paper  by  Albert  John  Durston,  engineer-in-chief 
of  the  Royal  Navy,  Great  Britain.  Illustrated.  With  general  discussion.  — 
Proc.   Inst.,   C.   E.  Vol.   119. 

MAGNETIC  DECLINATION  in  Alaska. 

Its  distribution  as  worked  out  from  new  and  eld  data  by  C.  A.  Schott. 
Methods  and  results.  With  chart.  —Bulletin  No.  34,  U.  S.  C.  &  G.  Survey 
(1895). 

MARINE  ENGINES. 

See  ENGINES. 
MARINE    ENGINEERING.    New    Ships    in  the  German   Navy. 

Several  new  ships  which  have  been  added  to  the  German  Navy  in  the  last 
two  years.    Illustrated.    C.    Busley.  — Ztsch.  Ver.  Ing.,  May  4,  1895,  et  seq. 

MASONRY. 

See    CEMENT,    CONCRETE,    DAM,   RESERVOIRS,    TUNNEL,    WALLS. 

MASONRY  in  Ancient  India. 

The  massiveness  of  the  most  ancient,  and  details  of  this  and  less  ancient 
masonry  and   brick.  — Ind.   Engng.,   May  4,  1895,  p.  2S1. 
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MASONRY   of   Reservoirs. 

See  RESERVOIRS. 

MASTER   CAR   BUILDERS   Convention. 

Proceeding's  of  the  recent  convention,  including  reports  and  discussions  on 
road  and  laboratory  tests  of  brake  shoes,  lubricants,'  air-brake  tests, 
hand-brake  and  air-brake  apparatus,  and  standards  and  recommended 
practice. — Proceedings  M.   C.    B.   Association,  1895 

MATHEMATICS  in  Engineering  Schools. 

See  ENGINEERING  EDUCATION. 

MEASUREMENT  of  Water. 

See    WATER. 

MECHANICAL  ENGINEERING. 

Lecture  at  Cornell  "University  by  T.  Dunkin  Paret  on  Fundamental  Prin- 
ciples of  Business;  Their  Application  in  Practice.  — Sci.  Am.  Sup.,  Feb.  16, 
1895.  et  seq. 

MECHANICAL  ENGINEERING  Construction. 

Experience  in  foundry  and  shopwork  practice  in  the  making  of  cast  iron, 
steel  castings  and  boilers  and  boiler  work.  — Tech.   Quart.,   Oct.,  1894. 

MECHANICAL   ENGINEERS'   Convention. 

Proceedings  of  the  recent  meeting  at  Detroit,  Mich.  — Eng.  News,  July  4» 
1895,   p.   14;   R.   R.  Gaz.,  July  5,   1895,  p.  441. 

MECHANICAL    ENGINEERS,    Edncation   of  . 

Comprising  a  discussion  of  the  work  of  engineering  colleges  by  R.  H.  Thurs- 
ton, the  bearing  of  shop  practice  by  Charles  E.  Emery,  and  the  work  of 
manual  training  schools  by  A.  E.  Outerbridge,  Jr.  —Eng.  Mag.,  Vol.  X, 
No.  3,  pp.  418-438. 

MECHANICAL   LABORATORY  of  Purdue    University. 

Illustrated.  —Am.  Mach.,  Jan.  17,  1895. 

MEN.  The  Handling  of  . 

Lecture  at  the  Rensselaer  Polytechnic  Institute  by  Foster  Crowell.  —Eng. 
Rec,  Jan.  5,  1895,  et  seq. 

METAL   Mixers. 

Those  used  at  the  Northeastern  Steel  Co.,  England,  securing  a  more  uniform 
and  better  product.  With  drawing.  Arthur  Cooper.  — Lon.  Eng.,  May  24, 
1895,  p.  682. 

METAL  WORKING,  The  Erhardt  Process   in   . 

The  method  and  machinery  used  for  making  tubes  of  all  kinds  by  com- 
pressing the  metal  into  matrices  by  mandrels  introduced.  Illustrated.  — U. 
S.  Consular  Reports,  Vol.  XLIX,  No.  183,  p.  434  (1895);  E.  &  M.  Jour.,  Nov. 
16,   1895,   p.  463. 

METALLURGISTS.  Laboratory  Training   for  . 

The  necessity  for  practical  training.  The  laboratory  and  course  at  Massa- 
chusetts Institute  of  Technology  fully  illustrated  and  described.  Prof.  Rob- 
ert H.  Richards.  — Eng.  Mag.,  Jan.,  1895. 

METALS;  Strength  at  High  Temperature. 

Iron  and  steel  little  affected  by  working  temperatures  up  to  500  degrees  F.; 
but  others,  particularly  copper,  suffer  a  marked  decrease.  — Lon.  Eng.,  Aug. 
9,  1895,  p.  186. 

METER.  Alternating  Current   . 

Shallenberger's  new  alternating  current  meters  and  indicators  used  at  Ni- 
agara Falls.    Illustrated.  — Elec.  Eng.,  Jan.  2,  1895. 

METER.   Current  . 

See  CURRENT  METERS. 

METER.  Water 

Different  kinds  in  use  In  England;  their  construction  and  use.  —Lon.  Engi- 
neer, Jan.  4,  1895. 
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MILLING   MACHINE. 

Universal  milling  machine,  made  by  Ludw.  Loewe  &  Co.,  Berlin.  Illus- 
trated. — Prac.  Engr.,   Dec.  7,  1894. 

MILLING  MACHINE. 

See  MACHINE. 

MILLING   MACHINE,   Possibilities    of   the  . 

Its   extended   field   advocated   on   the  ground  of  utility   and   economy.    Hor- 
ace L.  Arnold.  — Eng.  Mag.,  April,  1895. 
MINING. 

See  ELECTRICITY. 

MINING  by  Electricity. 

Application  of  electricity  to  various  mining  operations.  Abstract  of  paper 
read  by  G.  S.  Carlett  before  the  Northern  Soc.  of  Elect.  Engrs.  —Prac. 
Engr.,    Mch.    15,    1895. 

MOISTURE,  Distribution  in  a  Steam    Pipe. 

Abstract  of  a  paper  by  D.  S.  Jacobus,  read  before  the  American  Society  of 
Mechanical  Engineers.     Prac.   Eng.,  Sept.  27,  1895. 

MORTAR. 

See    MASONRY,    CEMENT,    CONCRETE,   CEMENT  MORTAR. 

MORTAR,  Cement   . 

See   CEMENT    MORTAR. 

MORTAR,  Cement  . 

Results  of  tests  made,  by  A.  S.  Cooper  to  determine  the  effects  of  differ- 
ent kinds  of  sand.  —Jour.  Frank.  Inst.,  Nov.,  1895,  p.  321. 

MORTARS.  Adhesion  of  Cement 

Table  showing  the  strength  of  adhesion  of  different  qualities  of  cement  mor- 
tars to  different  kinds  of  bricks— smooth  pressed  bricks  giving  a  greater  ad- 
herence than  the  rough.  Experiments  by  M.  Felix  de  Walque.  Am.  Arch., 
Jan.  19.  1895. 

MOTIVE  POWER  and  Its  Selection. 

Intrinsic  and  comparative  values  of  steam  engines,  oil  engines,  windmills 
and  gas  engines,  and  their  special  adaptability  under  differing  circumstan- 
ces.   Charles  E.  Emery.  —Eng.  Mag.,  Jan.,  1895. 

MOTOR,   Petroleum . 

The  Kane-Pennington  motor,  said  to  develop  a  horse  power  on  one-tenth  of 
a  gallon  of  common  kerosene  per  hour.  Illustrated.  —Am.  Mach.,  Nov.  7, 
1895,  p.  881. 

MOTOR,  Petroleum . 

Some  new  light  on  the  trial  of  the  Kane-Pennington  Motor.  — Am.  Mach., 
Dec.  12,  1895,  p.  988. 

MOTOR,  Polyphase  and  Continuous    Current  Compared. 

By  Louis  Bell,  Ph.  D.  —Power,  Dec,   1894. 

MOTOR:  The  Daimler  Gas  and  Petroleum . 

Details  of  the  engine  and  its  applications,  designed  for  use  for  small  and 
medium      powers.    Illustrated.  — Sci.Am.  Sup.,  Aug.  17,   1895,  p.  16362. 

MOTORS. 

See     ELECTRICITY,     ELECTRIC    MOTORS,        PETROLEUM        MOTORS, 
STREET   CARS,    STREET   RAILWAY. 
NAILS;  "Weathering   of   . 

The  formation  of  hydrated  oxide  of  iron  when  the  nail  is  exposed  to  mois- 
ture, which  is  destructive  both  to  the  nail  and  surrounding  wood.  Recom- 
mendation of  galvanized  nails  for  exposed  work.  Samuel  Cabot.  —Am. 
Arch.,  June  29,  1895,  p.  134. 

NAVIGATION;    Inland (. 

The  improved  rivers  and  the  canals  of  Germany.— With  map  and  illustra- 
tions. — Lon.  Engineer,  Aug.  2,  1895,  p.  101. 

NIAGARA  Power  Plant. 

See    ELECTRIC    POWER    PLANT. 
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OIL   ENGINES. 

See  ENGINES. 

OIL,  ENGINES  and  Gas  Engines. 

Some  of  the  latest  forms  and  their  field.  Illustrated.  — Cassier,  Vol.  VIII. 
No.   5,  p.  4S1. 

OIL.  ENGINES,  Gas  and   . 

Present  status  and  prospects.  Discussion  by  American  Society  of  Mechan- 
ical   Engineers.  — Eng.    News.,    April  18,   1S95. 

OIL  for  Locomotive  Fuel. 

Its  use  on  the  Los  Angeles  Terminal  Railway  in  California,  with  a  saving 
of  over  40  per  cent,  in  cost  of  fuel.  Details  of  use.  Illustrated.  George  E. 
Leighton.  — R.  R.  Gaz.,  April  5,  1895. 

PAVING  BRICK!  and  Sewer  Pipe   Manufacture. 

Requirements  in  physical  and  chemical  properties  of  the  material  and  in 
methods  of  making.  — Pav.  &  Munic.  Eng.,  Vol.  IX,  No.  5,   p.  2S0  (1895). 

PADDLE  WHEELS. 

Graphic  analysis  of  ,  with  fixed  and  with    feathering  floats.    Illustrated. 

—Am.   Mach..   Feb.   14,   1S95. 

PAINT  for  Railroad  Bridges. 

See  BRIDGES. 

PAINTING  Iron  Structures  Exposed    to   tlie  Weather. 

Discussion  of  the  results  of  the  examination  of  ironwork  after  having  been, 
painted  with  different  kinds  of  paint  and  exposed,  with  better  results  shown 
for  iron  oxide  paints.  E.  Gerger.  With  discussion  both  for  and  against  this 
conclusion.  —Trans.  A.  S.   C.  E.    Vol.  xxxiii,  No.  0,  pp.  485-586  (1S95). 

PAINTING  Machinery. 

Simple  mechanical  sprayers  and  their  mode  of  operation.  Illustrated.  — Lon. 
Engineer,  May  3,  1S95,  p.  385.    Sci.   Am.  Sup.,  June  15,  1895,  p.  16,219. 

PAIXTS. 

See  BRIDGES,  IRON  AND  STEEL,  IRON  WORK,  PRESERVATION  OP 
METALLIC     STRUCTURES,      RUSTLESS  COATINGS. 

PAINTS  for  Metal   Structures. 

Comparative  merit  of  iron  oxide  and  lead  paints.  Correspondence  between 
Ralph  K.  Wing  and  E.  Gerber.  —Eng.  News,  May  30,  1895,  p.  355. 

PAMPHLET  Filing. 

Method  used  and  recommended  by  William  H.  Bryan.  Illustrated.  —Jour. 
Assn.   Eng.    SOcs.,   Vol.   XV,   No.   5,  p.   182  (1895). 

PARKS,  Making  and  Paying  for 

Methods  of  assessment  of  the  cost  of  parks  in  fifty  American  cities.  — 
Muncipality    and    County,    Mar.,    1895. 

PATENT  Laws. 

Discussion  of  their  abolishment  or  modification.  Ways  of  improvement  sug- 
gested—John Richards.  —Jour.  Assn.  Eng.  Socs.    Vol.  xiv,  No.  6,  p.  474  (1895). 

PAVEMENT. 

See  MACADAM,    ASPHALT  and  PAVING. 

PAVEMENT.   Asphalt   . 

See  ASPHALT. 

PAVEMENT,    Assessment    of    Cost    of^. 

The  practice  of  27  American  cities.  —Pav.  &  Munic.  Eng.,  April,  1S95. 

PAVEMENT,   Repairing  Asphalt   . 

The  Perkins  surface  heater  as  use  to  secure  a  better  bonding  and  superior 
workmanship.    Illustrated.  —Eng.  News,  April  4,  1S95. 

PAVEMENT.    Portland   Cement   . 

Its  growing  use  and  method  of  laying,  as  illustrated  at  Bellefontaine,  Ohio. 
G.  W.  Bartholomew,  Jr.  —Eng.  News,  Jan.  3,  1895. 
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PAVEMENTS. 

General  considerations  and  different  kinds,  with  some  details  of  construc- 
tion and  cost.  — Eng.   Mag.,   Mar.   1895. 

PAVEMENTS. 

See    ASPHALT,    MACADAM,    MACADAMIZED   ROADS,    PAVING. 

PAVEMENTS,  Brick  and  Granite   . 

Thair  laying  and  use  in  the  city  of  Troy,  N.  Y.  Illustrated.  — Eng.  Rec, 
June  8,  1895,  p.  28. 

PAVEMENTS  of  Cleveland,  Ohio. 

Comparison  with  those  of  other  cities,  with  especial  discussion  of  founda- 
tions. By  James  Richie.  With  discussion.  — Jour.  Assn.  Eng.  Socs.,  March, 
1895. 

PAVEMENTS;  Vitrified  Brick  . 

Its  use  and  advantages.  Table  of  cost  of  construction  in  65  American 
cities.    W.    P.   Judson.  — Pav.   &   Munic.  Eng.,  Vol.  VIII,  No.  6  (1895),  p.  292. 

PAVING. 

See  ASPHALT,  MACADAM,  MACADAMIZED  ROADS,  PAVEMENTS, 
PAVING  BRICK. 

PAVING  Brick. 

A  collection  of  articles  by  different  authors,  discussing  the  characteristics 
of  a  good  paving  brick  and  different  kinds  and  qualities  of  material  and 
their   effects.  —Pav.   and   Munic.    Eng.,  Mar.,  1895. 

PAVING  BRICK. 

See   PAVEMENTS,    PAVING. 

PAVING,  Brick   . 

Preparation  of  roadbed,  laying  foundation,  and  placing  of  the  brick.  M. 
Nicholson.  —Pav.    &    Munic.    Eng.,  Vol.  IX,  No.  6,  p.  331  (1895). 

PAVING  BRICK,  Testing   . 

Progress  report  Of  the  committee  of  N.  B.  M.  A.,  giving  results  of  inves- 
tigations. Prof.  Edward  Orton,  Jr. —Clay  W.,  Vol.  XXIV,  No.  6,  p.  558 
(1895). 

PAVING  BRICK. 

Tables  of  tests  made  by  James  W.  Reed,  with  discussion.  Also  the  use  of 
paving  brick  in  Ontario  considered.  —Pav.  and  Munic.  Eng.,  April,  1895. 

PAVING  BRICK;  Clays  for  . 

The  qualities  of  a  suitable  clay,  and  essential  details  in  the  process  of 
manufacture.  W.  W.  Wallace,  Jr.  Pav.  &  Munic.  Eng.,  Vol.  IX,  No.  1, 
p.  26  (1895). 

PAVING  BRICK;  How  to  Make  a  Good  . 

The  clay,  setting  and  burning,  methods  of  preparing  the  clay,  and  methods 
of  making.    George  W.   Kummer.  —Brick   (Chicago,    111.),   June,  1895,   p.   382. 

PAVING  BRICK,  Its  Material.  Manufacture  and  Use. 

Extensive  article  concerning  all  material  points  to  be  considered  in  this  im- 
portant  and   growing   industry.    Daniel   W.   Mead.  —Clay,   January,    1895,    et 
seq. 
PAVING   BRICK   Manufacture. 

The  clays,  burning  kilns  and  methods  of  Central  Iowa.  L.  Balliet.  — E.  and 
M.  Jour.,   Sept.  14,  1895. 

PAVING   BRICK   Requirements. 

Structural  qualifications  required,  and  proposed  specifications.  Daniel  W. 
Mead.  With  discussion  at  National  Brick  Manufacturers'  Association.  Also 
tests  discussed  by  Edward  Orton,  Jr.  —Clay  W.,  February,  1895. 

PAVING   BRICK,    Shale   . 

Their  toughening  by  an  annealing  process  in  burning.  William  S.  Wil- 
liams. —Clay  W.,  February,  1895. 

PAVING  BRICK,  Standard  Tests  of   . 

Contribution  of  Prof.  J.  B.  Johnson  to  aid  in  uniting  on  a  uniform  method 
of  testing.    Methods  long  used  by  him  in  preparation  of  the  specimens  and 
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in  making-  the  four  essential  tests,  viz. — crushing  test,  cross-breaking-  test, 
abrasion  test  and  absorption  test,  with  a  method  of  determining-  the  best 
average  test.  — Eng.  News,  April  IS,  1895. 

PAVING    BRICK    Tests. 

Differences  in  specifications  of  methods  used,  with  plea  for  uniformity. 
W.   G.   Wilkins.— Pav.   &  Munic.   Eng.,  Vol.  IX,  No.  4,  p.  198. 

PAVING  BRICK  Tests. 

Results  of  tests  of  45  Ohio  varieties,  with  particulars.  —Clay  W.,  Vol. 
XXIII,  No.  6,  p.  692  (1895). 

PAVING  BRICK  Tests. 

Results  of  three  tests,  with  discussion.  —Eng.  News,  April  18,  1895. 

PAVING  BRICK  Tests. 

Suggestion  that  the  main  test  be  that  the  modulus  of  rupture  shall  not  be 
less  than  a  quantity  expressed  as  a  function  of  the  loss  of  weight  in  the 
impact   test.  —Pav.    and   Munic.    Eng.,  Vol.  IX,  No.  3,  p.  133. 

PAVING  BRICK  Tests. 

The  field  examination  and  tests  of  density,  hardness,  abrasion  and  absorp- 
tion as  suggested  by  H.  A.  Wheeler.— Clay  "W.,  Vol.  XXIV,  No.  2,  p.  13d 
(1S95). 

PAVING  BRICK;  Wear  of  . 

Examination  of  such  pavements  at  Johnstown,  Pa.,  showing  very  slight 
wear.    Details,    with    tables.  —Eng.  News,  July  18,  1895,  p.  39. 

PAVING,  Cost  of  . 

Stone,  brick,  asphalt,  wood  and  macadam  in  eight  American  cities,  and  the 
cost  of  construction  of  each.  —Pav.  &  Munic.  Eng.,  Feb.,  1S95. 

PETROLEUM  ENGINES. 

See  GAS  ENGINES. 

PETROLEUM  MOTORS,  Tests  of 

A  long  series  of  tests  of  a  large  number  of  motors  conducted  by  the  author; 
well  illustrated.  Prof.  W.  Hartmann.  — Ztsch.  Ver.  Ing.,  March  23,  1895,  et 
seq. 

PHOTO  TOPOGRAPHY  in  Surveying. 

See    SURVEYING. 

PHOTOGRAPHS.  Electric  Transmission  of  . 

Transmitting,  recording  and  seeing  pictures  by  electricity,  by  George  R. 
Carey.      Illustrated.  — Elec.    Eng.,    Jan.   16.   1S95. 

PIER,  The  Blankenberghe  ,  Belgium. 

Plans  and  details  of  this  new  work.  It  extends  1148  feet  into  the  sea, 
and  the  platform  rests  on  screw  piles  braced  together  in  groups.  Illus- 
trated. — Lon.   Engineer,   Mar.   15,    1895. 

PILES;   the  Resistance   of  . 

General  principles,  by  Henry  F.  Perley,  with  discussion,  containing  de- 
scription of  a  boring  machine  for  excavating  a  hole  fop  the  pile,  in- 
creasing the  speed  of  work  and  its  character.— Trans.  Can.  Soc.  C.  E., 
Vol.  VIII,  No.  2,  p.  273  (1894). 

PINE,   Oregon  ,  Transverse  Strength  of  . 

See    TIMBER   TESTS. 

PINION  SHAFT,  A  Broken   . 

Notes  concerning  its  failure  from  constantly  recurring  shocks.  Onward 
Bates.  —Jour.   Assn.   Eng.   Socs.,   March,  1895. 

PIPE.  Covering  for  Steam  

Experiments   on   ,    by   Louis    Schmidt.  —Power,  Dec,  1894. 

PIPE   COVERINGS,  Non-Conducting  . 

Tests  showing  the  efficiency  of  asbestos  sponge,  asbestos  fire  felt,  magne- 
sia, asbestos  cement  filling,  asbestos  sponge  cement  filling  and  fossil  meal. 
John   A.    Laird.   —Jour.    Assn.    Eng.  Socs.,  Jan.,  1895. 
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PIPE    FLANGES. 

Designs  of  pipe  flanges  for  heavy  steam  pressures.  Illustrated.  —Power, 
April,  1895. 

PIPE  LINE,  Submerged   . 

Necessity  for  and  methods  used  in  laying  a  sewerage  pipe  line  under  water 
for  a  distance  of  about  400  feet  and  at  a  depth  of  about  10  feet.  William 
H.  Dechant.  With  discussion.  — Proc.  Eng.  Club,  Phila.,  Vol.  XII,  No.  3, 
p.  243  (1895). 

PIPE;  Wooden  Stave 

Historical  review,  and  consideration  of  its  advantages,  with  examples  "of 
its  superiority  in  different  works.  R.  C.  Gemmell.  —Univ.  of  Mich.  Tech- 
nic,  No.  8  (1895). 

PIPE,  Wooden-Stave    . 

Its  use  in  the  mining  regions  for  conveying  water,  and  its  advantages.  Ar- 
thur Lakes.    Illustrated.  —Eng.  Mag.,  Vol.  IX,  No.  3  (1895),  p.  462. 

PIPES,  Steam   . 

Result  of  experiments  on  the  strength  of  welded  steel  steam  pipes,  by  War- 
ren E.  Hill.  — Prac.  Engr.,  Feb.  8,  1S95. 

PIPES,  Submerged  "Water  Supply   . 

A  line  of  2S-inch  cast  iron  pipes  across  the  Willamette  River  at  Portland, 
Oregon.  Its  manufacture,  construction  and  details  of  laying.  Illustrated. 
Franklin  Riffle  and  A.  S.  Riffle.  With  discussion  and  .  correspondence. 
—Trans.  A.  S.  C.  E.,  Vol.  XXXIII,   No.  4,  pp.  257-296  (1895). 

PIPES,  AVater  Hammer  in . 

Results  of  some  experiments  on  the  effect  of  water  hammer.  By  R.  C. 
Carpenter.  —Trans.  A.  S.  M.  E.,  Vol.  XV. 

PIPING,  STEAM   for  Engines  and    Boilers. 

Points  that  should  be  looked  after  in  order  to  secure  an  efficient  piping  for 
an  engine  plant.    William  A.   Pike.  —Trans.  A.  S.  M.  E.,  Vol.  XV. 

PISTONS   and   Piston   Valves. 

Paper  by  Joseph  Butterworth,  read  before  the  Manchester  Association  of 
Engineers.  — Prac.    Engr.,    Nov.    15,  1S95,  et  seq. 

PISTONS,   Piston   Rods  and   Fastenings. 

Abstract  of  report  of  a  committee  f  the  American  Master  Mechanics'  Asso- 
ciation. —Prac.    Engr.,    July    19,    1895,  et  seq.     Mast.  Mech.,  July,  1895  . 

PLANIMETER 

for  measuring  horse  power  directly.  Paper  read  by  E.  J.  Willis  at  the 
Detroit  meeting  of  the  A.  S.  M.  E.  —Safety  Valve,  July  15,  1895,  p.  17. 

PLANIMETER. 

Illustration  of  a  cheap  home-made  planimeter.  — Am.  Mach.,  Feb.  21,  1895. 

PLANIMETER.   A   New   , 

That  will  indicate,  without  computation,  the  horse  power  shown  on  the 
diagram.  — Power,    Dec,    1894. 

PLATE    GIRDERS;    Stresses   in   . 

Discussion,  with  examples  of  using  inclined  stiffeners  for  long  span.  Il- 
lustrated.   Henry     Goldmark.  —Eng.  News,  July  18,  1895,  p.  43. 

PLOWS.    Electric   . 

Recent  experiments  in  Germany.     Illustrated.  — Elec.   Engr.,   Dec.  26,  1894. 

PNEUMATIC    Interlocking. 

The  plant  at  the  new  Boston  terminal  of  the   Boston  and  Maine  R.   R.    Ab- 
stract,   containing    essential    details  of  paper  by  J.  P.  Coleman.  —Eng.  News, 
June  13,  1895,  p.  378. 
PNEUMATIC  Storage. 

Handling  grain  by  compressed  air,  and  storing  it  in  steel  tanks.  Short 
illustrated   article.  — Sci.   Am.    Sup.,  Mar.   9,    1895. 

POWER. 

See  GAS  ENGINES,  HYDRAULIC  PRESS,  ELECTRIC  RAILWAY,  ELEC- 
TRIC   TOWING,    ELECTRIC    TRACTION,    ENGINES,    MOTOR,    MOTIVE 
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POWER,  PETROLEUM  MOTORS  PUMP,  ROPE,  STEAM,  STEAM  EN- 
GINE, STEAM  TURBINE,  TURBINE,  WATER  POWER,  WATER 
WHEEL,    WATER    WORKS,    WINDMILLS. 

POWER  Ahsorhetl  hy  Rope  nml  Belt    Transmission. 

Quite  extensive  experiments  showing  that  ropes  and  belts  are  equally  effi- 
cient. — Lon.  Eng.,  March  29,  1895. 

POWER,  Electrical  Transmission   of   . 

A  paper  by  W.  Carlile  Wallace,  read  before  the  Institution  of  Engineers  and 
Shipbuilders  in  Scotland,  on  the  Electrical  Transmission  of  Power  in  Ship- 
yards  and   on   Merchant    Steamers.  — Mech.  World,  March  22,  1895,  et  seq. 

POAVER.  Measurement  of  . 

Brakes  and  dynamometers  theoretically  and  practically  considered.  Val- 
uable general  article,  describing  different  forms  and  their  special  appli- 
cability.     Fully    illustrated.      G.    D.  Hiscock.  — Sci.  Am.  Sup.,  Jan.  5,  1895. 

POAVER  PLANT. 

Cleveland    Electric    Railway    Co.    Illustrated.  — Power,   Feb.,    1S95. 

POAVER  PLANT. 

See  BOILER,  CABLE,  GAS  ENGINE,  ELECTRIC  RAILWAY,  ENGINES, 
MOTIVE    POWER,    PUMPING    PLANT,   STEAM  ENGINE. 

POWER  PLANT. 

The  Delaware  Avenue  station  of  the  Electric  Traction  Company,  Philadel- 
phia.   Illustrated.  —St.   Ry.   Jour.,   June,  1895,  p.  393.    Power,  June,  1895,  p.  1. 

POAA'ER  PLANT  at  Niagara. 

A  Complete  history  and  description,  with  illustrations,  of  the  power  plant 
at  Niagara  Falls.  — Cassier,  July,  1S95. 

POAVER  PLANT    of   the   Lonsdale    Company,   R.  I. 

New  dam  and  electric  power  installation  at  Lonsdale,  R.  I.  Description  of 
old  arrangement  and  the  new  plans.    Illustrated.  — Eng.  Rec,  April  6,  1895. 

POAVER   PLANT  Smoke-Stack. 

Handsome  stack  at  the  power  plant  of  the  Toronto  Railway  Co.  Illustra- 
ted. —St.    Ry.    Jour.,    Dec,    1895,    p.  804. 

POAVER  STATION,  Electric  Railway   . 

Test  of  a  new  design  by  Westinghouse,  Church,  Kerr  &  Co.,  and  erected 
for  the  Winchester  Ave.  R.  R.  Co.  at  West  Haven,  Conn.  Full  and  inter- 
esting account  of  tests  of  actual  cost  per  horse-power  and  per  car-mile 
of  power,  evaporation,  economy  of  cylinders,  station  efficiency  and  effi- 
ciency of  line,  and  of  economy,  of  mechanical  draft  and  economizer.  By 
Geo.  W.  Colles,   Jr.,  and  Edward  B.  Gallaher.  —Eng.   News,    Mar.  7,   1S95. 

POAVER   STATION;  Electric   Railway . 

That  of  tht»  rultimore  Belt  Lhi<-  Company — Interesting  details,  with  illus- 
ions. —Eng.  Rec,  July  20,  1895,  p.  134. 

POAVER    STATION.    Electric    . 

Plant  of  the  North  and  West  Chicago  Street  Railway  Co.  Illustrated. 
—Power,  Sept.,  1895,  p.  1. 

POWER  STATIONS. 

See  CABLE,  GAS  ENGINE,  ELECTRIC  RAILWAY,  ENGINES,  MOTIVE 
POWER,    PUMPING   PLANT. 

POAVER  STATIONS,  Mechanical  Equipment    of  . 

Methods  and  suggestions  in  order  to  secure  certainty  and  reliability  of 
operation  and  uniformity  of  speed,  with  economical  power,  on  electric 
railways.      Illustrated.     Prof.    R.    C .   Carpenter.  —Cassier,   April,   1895. 

POWER  TRANSMISSION. 

See  AIR,  HYDRAULIC  TRANSMISSION,  ELECTRICITY,  ELECTRIC 
POWER,    ELECTRIC    RAILWAY,  ELECTRIC    TRANSMISSION. 

POAVER   Transmission. 

The  Sacramento-Folsom  plant  in  California.  The  power  is  furnished  by 
water  stored  by  a  masonry  dam  in  Republican  River.  — Elec.  World,  April 
6,  1895. 
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POWER  TRANSMISSION  by  Compressed  Air. 

The  plant  of  the  North  Star  Mining-  Co.  at  Grass  Valley.  Cal.,  using  the 
largest  Pelton  wheel  ever  built  for  the  air  compression  plant.  Plans  and 
details.    Illustrated    fully.  — Eng.    News,  Dec.   19,  1895. 

POWER,  Transmission  by  Ropes  and  Belts. 

Abstract  of  a  paper,  by  V.  Dubrenil,  read  before  the  Society  of  Civil  Engin- 
eers of  France.  — Amer.  Eng.  &  R.  R.    Jour.,    Nov.    1,    1895,    p.   494. 

POWER  TRANSMISSION  by  Ropes  and  Belts. 

Report  of  the  Lille  experiments  on  their  comparative  efficiency.  David  S. 
Copper.    Abstract.  — Lon.     Engineer,  Dec.  13,  1895,  p.  580. 

POWER  TRANSMISSION  by  Solid  Medinm. 

The  use  and  possible  field  of  spheres  or   balls   in  place  of   compressed   air 

or  a  similar  medium.  Illustrated.  Killingworth  Hedges.  — Cassier,  Vol. 
VIII,  No.  2  (1895),  p.  149. 

PRESERVATION   of  Metallic   Structures. 

Investigations  showing  the  superiority  of  iron  oxide  paint  mixed  with 
pure  linseed  oil,  and  also  indicating  with  any  good  paint  keeps  the  metal 
from  further  corrosion.  Abstract  of  paper  by  E.  Gerber.  —Eng.  News, 
April    18,    1895.    Eng.    Rec,    April    20,   1895.     R.  R.  Gaz.,  April  26,  1895. 

PRESSES,  Platen 

As  used  for  letter-press  printing,  embossing,  cutting  and  scoring.  Prin- 
ciples involved,  development  of  the  presses  and  general  description.  Well 
illustrated.    John        Thomson.  —Trans.   A.    S.   C.   E.,   Dec,   1894. 

PROPELLERS,  Screw  . 

W.  C.  Winterburn.    Illustrated.  — Prac.  Eng.,  May  24,  1S95,  p.  404. 

PULLEY.  Split   , 

The   Dryden.      Illustrated.  —Am.    Mach.,   Dec.   13,   1894. 

PUMP.  Air  . 

See  AIR  PUMP. 

PUMP  and  Compressor. 

Guild  &  Garrison's  improved  vacuum  pump  and  compressor.  Illustrated. 
—Am.   Mach.,   Jan.   3,   1895. 

PUMP.  Power  . 

Gould  Mfg.  Co.'s  new  triplex  power  pump  for  high  pressure.  Illustrat- 
ed. —Am.   Mach.,   Jan.   24,  1895. 

PUMP.  Steam  . 

Mason    direct-acting    steam    pump.   Illustrated.  —Am.  Mach.,  Jan.  17,  1895. 

PUMP,  The  Air-Lift   . 

A  mathematical  discussion  of  the  theory  of  the  air-lift  pump,  by  Elmo  G. 
Harris.  —Jour.  Frank.  Inst.,  July,  1895. 

PUMPING   ENGINES. 

See   WATER  WORKS. 

PUMPING  ENGINES,  High   Grade   — — . 

Examples,  with  general  description,  efficiency  and  comparisons.  E.  D. 
Leavitt.  With  discussion.  Illustrated  drawings  and  diagrams.  —Jour.  N. 
E.  W.  W.  Assn..  March,  1895. 

PUMPING  PLANT,  tbe  De  Kalb  Electric  . 

Supply  for  5000  inhabitants  pumped  by  electric  power  161  feet  at  a  cost  of 
4  cents  per  1000  gallons.  Details  o'f  conditions  and  machinery.  Daniel  W. 
Mead.    Illustrated.— Eng.    News,    Oct.  3,  1895,  p.  227. 

PUMPING  PLANT,  Tbe  De  Kalb  Electric  . 

Supply  for  5000  inhabitants  pumped  by  electric  power  161  feet,  at  cost  of 
4  cents  per  1000  gallons.     Details  of  conditions   and   machinery.     Illustrated. 
Daniel    W.    Mead.  —Jour.    Ass'n    Eng.  Socs.,  Vol.  XV,  No.  2.  pp.  83-112  (1895). 
PUMPS. 

See    WATER   WORKS,    WINDMILLS. 

PURIFICATION  of  Water. 

See    WATER    WORKS    ASSOCIATION. 
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QUAYS  at  Newcastle-Upon-Tyne,  England. 

The  old  quays,  and  special  account  of  those  recently  built  in  deep  water 
of  masonry  monolithic  blocks  30  ft.  long-,  20  ft.  wide  and  37  ft.  deep.  Ad- 
am Scott.  — Proc.  Inst.  C.  E..  Vol.  119. 

RACE  COURSE,  Cumberland  Parle  . 

Different  plans  and  details  for  the  construction  of  this  Tennessee  track. 
Walter    G.    Kirkpatrick.  —Papers    of  Eng.  Assn.  of  the  South,  Aug.,  1894. 

RACK  RAILWAY,  The  Monistrol  Montserrat  . 

Permanent  way,  locomctives  and  general  features  of  this  Spanish  railroad. 
Alfred    Collett.  —Proc.    Inst.    C.    E.,  Vol.  CXX,  p.  25  (1S95). 

RACK   RAIL W AY,   The  Usuri   . 

Goneral  conditions  and  details  of  construction  of  this  Japanese  mountain 
railroad.     C.  A.  W.   Povvnall.— Proc.   Inst.  C.  E.,  Vol.  CXX,  p.  43  (1895). 

RAIL.  BOND. 

See    ELECTRIC    RAILWAY. 

RAIL.  BONDING  and  Electrolytic  Corrosion. 

Conditions  and  effects.  Extensively  illustrated.  George  P.  Low.  —St.  Ry. 
Gaz.,  Mar.  2.  1895.  et  seq. 

RAIL,  The   Continuous  . 

Electric  welding  briefly  described  and  cast  welding  discussed  at  length. 
Methods,  details  and  results  of  work  done.  Illustrated.  Richard  McCulloch. 
—St.  Ry.  Rev.,  Nov.,  1895,  p.  671;  Jour  Assn.  Eng.  Socs.,  Vol.  XV,  No.  4, 
p.  141  (1895). 

RAILROAD;    An   American    Gravity  . 

Interesting  description  of  the  line  from  Carbondale  to  Honesdale,  Pa., 
where  cars  run  by  gravity  down  grade  and  are  drawn  by  cables  on  up 
grades.  History  covering  almost  70  years  of  operation.  Illustrated. 
Charles   W.    Whiting.  — Cassier,    Vol.  VIII,  No.  2  (1895).  p.  83. 

RAILROAD  AXLES:  Effect  of  Teinperatnve  on  . 

See   TEMPERATURE. 

RAILROAD    AXLES,    Life    of   . 

English  experience  indicates  as  the  total  expected  mileage  of  locomotive 
axles  220,000  miles  and  of  car  axles  94,000  miles:  while  the  total  load  of  a 
car  axle  during  its  usual  life  is  about  5600  tons,  including  weight  of  car.  — 
Lon.  Engr.,  Feb.  22,  1895. 

RAILROAD  Ballast. 

Burned  clay  as  used  for  this  purpose  in  the  middle  West.  Methods  of 
burning,  and  results.  Illustrated.  H  A.  Wheeler.— Clay  W.,  Oct.,  1895,  p. 
328. 

RAILROAD  Block  Signal  Rules. 

The  English  code  adopted  by  the  principal  railroads  as  issued  by  the  London 
and  Northwestern  R.  R.  — R.  R.  Gaz.,  June  14,  1895,  p.  386. 

RAILROAD  Bridge  Specifications. 

See  BRIDGE. 

RAILROAD  BRIDGES,  Solid  Floors  for  . 

See  BRIDGES. 

RAILROAD  Congress. 

Proceedings  of  the  International  Railway  Congress  of  the  current  year.  — 
Serial  Lon.,  Eng.,  July  5,  1895,  p.  9,  et  seq.;  Lon.  Engineer,  July  5,  1895.  p. 
1,  et  seq. 

RAILROAD  Congress. 

Summary  of  important  questions  considered  by  former  meetings,  including 
that  of  brakes  for  light  railways,  boiler  fire-boxes  and  tubes,  the  decimal 
system,  light  railway  shops,  twenty-four  hours  day,  organization  and  ad- 
ministration, station  working,  signals,  and  strengthening  the  permanent 
way   to  provide   for   higher   speeds.  —Lon.   Engineer,  June  21,   1895,   p.   523. 
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RAILROAD    CONSTRUCTION. 

Cost  of  railway  building-  of  different  classes  under  the  improved  methods 
of  recent  years.    J.   F.  Wallace.  —  Eng.  Mag.,  Vol.  X,   No.  3,  p.  472. 

RAILROAD  Construction. 

Methods  used  in  the  Philippine  Islands.  W.  Liddle.— Proc.  Inst.  C.  B., 
Vol.    CXXI,   p.   170  (1S95). 

RAILROAD   Constrnction. 

The  St.  Louis  extension  of  the  St.  Louis,  Keokuk  and  Northwestern  R.  R. 
Many  interesting  features  considered,  especially  the  Belief ontaine  bridge 
over  the  Missouri  River.  By  B.  L.  Crosby.  Illustrated.  Jour.  Assn.  Eng. 
Socs.,  Jan.,   1895. 

RAILROAD    CONSTRUCTION    Across   Swamps  . 

Securing  roadbed  by  draining  and  filling,  cross-logging  or  trestling.  With 
discussion.  D.  A.  Stewart.— Trans.  Can.  Soc.  C.  E.,  Vol.  VIII,  No.  2,  p. 
224  (1894). 

RAILROAD   Crossings. 

See  CROSSINGS. 

RAILROAD  Elevated  Structure. 

See    ELEVATED    STRUCTURE. 

RAILROAD  ENGINEERING,  Education  in  . 

See  ENGINEERING  EDUCATION. 

RAILROAD   Grade    Crossing-  Elimination  in  Buffalo,   N.  Y. 

History  of  the  agitation  and  agreements  of  past  years,  with  an  account  of 
the  work  now  being  done  by  the  New  York  Central  R.  R.  Illustrated.— 
Eng.  News,  Oct.  24,  1895,  p.  266. 

RAILROAD  GRADE  Crossings. 

Different  aspects  of  the  problem,  with  numerous  examples  of  its  complexity 
and  solution  in  New  England.  Illustrated.  Wm.  O.  Webber.  —Eng.  Mag., 
Vol.    IX,    No.    6,    p.   1034    (1895). 

RAILROAD  Grade  Crossings. 

Specifications  of  the  N.  Y.  C.  &  H.  R.  R.  R.  in  the  work  to  abolish  grade 
crossings    at   Buffalo,    N.    Y.  —Eng.  News,   Mar.  21,    1895. 

RAILROAD   Grade   Crossings. 

Their  abolition  on  the  Providence  division  of  the  Old  Colony  Railroad  in 
Boston.  With  discussion.  James  W.  Rollins,  Jr.  —Jour.  Assn.  Eng.  Socs., 
Vol.  XIV,  No.  5,  p.  447  (1895). 

RAILROAD   Grade   Crossings. 

Their  gradual  abolition  considered  by  A.  W.  Locke;  their  abolition  by  James 
W.  Rollins,  Jr.,  and  their  abolition  in  the  city  of  Brockton,  Mass.,  with  the 
plans  adopted,  by  P.  H.  Snow  and  James  W.  Rollins,  Jr.  —Jour.  Assn.  Eng. 
Socs.,  Vol.  XIV,  No.  5,  pp.  422-447  (1895). 

RAILROAD    Improvement. 

The  work  of  improving  the  alignment  and  grades  of  the  Lake  Shore  and 
Michigan  Southern  R.  R.  Benjamin  Reece.  — R.  R.  Gaz.,  Feb.  8,  1895,  et 
seq. 

RAILROAD;  Incline  Cable  . 

The  recently  constructed  Prospect  Mountain  line  at  Lake  George,  N.  Y. 
Length  6626  ft.    Rise  1595  ft.    Illustrated.— Eng.  News,  Oct.  3,  1895,  p.  226. 

RAILROAD  Machine  Shop. 

The  management,  design,  operation  and  equipment  of  the  shop  of  to-day. 
H  .D.  Gordon.  —Eng.  Mag.,  Vol.  IX,  No.  4,  p.  705  (1895). 

RAILROAD   Operation. 

Ways    of    securing   greater    economy    and   probable    future    lines    of    effort; 
with    numerous    citations    from    actual    experience.      L.    F.    Lorree.  —Eng. 
Mag.,    April,    1S95. 
RAILROAD,  Philadelphia  and  Reading  Terminal   . 

Complete  description  of  this  Philadelphia  terminus  and  station,  with  their 
power  equipment,  lighting  and  general  details.  With  discussion.  Illustrated. 
Joseph  M.  Wilson.  —Trans.  A.  S.  C.  E..  Vol.  XXXIV,  No.  2.  pp.  115-184 
(1S95). 
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RAILROAD  Pneumatic  Interlocking?. 

See    PNEUMATIC   INTERLOCKING. 

RAILROAD.    Proposed   Undergronnrt, 

The  latest  plans  of  the  Rapid  Transit  Commissioners  of  New  York  city, 
with  objections  to  previous  provisional  plans.  By  William  Barclay  Par- 
sons, chief  engineer.     Illustrated.  — R.  R.  Gaz..  Jan.  4,  1S95. 

RAILROAD  Rail  Specifications. 

See  STEEL,  RAILS. 

RAILROAD   Roadbed. 

The  practice  of  British,  Irish,  American,  Australian  and  African  railroads  in 
maintaining-  and  improving  their  permanent  way.  Serial,  by  William  Hunt. 
Lon.   Eng.,  July   12,   1S95,   p.  02,    et  seq. 

RAILROAD  Shops. 

The  extensive  works  of  the  Great  Western  Railway  at  Swindon,  England, 
with   map   and    illustrations.  — Lon.  Engineer,  June  2S,  1895,  p.  545. 

RAILROAD  Shops. 

The  new  works  of  the  C,  C,  C.  and  St.  L.  at  Wabash,  Ind.,  with  map  and 
illustrations.  — R.   R.   Gaz.,  July  5,  1S95.  p.  443. 

RAILROAD  SHOPS  at  Lafayette,  Indiana. 

The  recently  completed  shops  of  the  Louisville,  New  Albany  and  Chicago 
Ry.  Co.    With  plans.  —Eng.  News,  Aug.  1,  1895,  p.  66. 

RAILROAD   Signalling. 

A  very  comprehensive  and  valuable  paper  concerning  the  history  of  the 
different  systems  and  details  of  those  in  present  use;  the  automatic  lock 
and  block  system,  and  special  mention  of  the  Sykes  system.  John  P. 
O'Donnell.       Lengthy    discussion.  —Trans.  A.  S.  C.  E.,  Nov.,  1S94. 

RAILROAD   SIGNALING. 

See    PNEUMATIC    INTERLOCKING. 
RAILROAD    Signaling-. 

Recent  progress,  as  reported  to  the  recent  International  Railway  Congress 
by  A.   M.   Thompson.  —Eng.    News,  Aug.  8,  1S95,  p.  84. 

RAILROAD    Signaling. 

Some  of  the  systems  employed,  with  the  methods  of  signaling.  Charles 
S.    Churchill.'     With    discussion. —Jour.   Assn.  Eng.   Socs.,   March,   1895. 

RAILROAD  Signaling. 

See   SIGNALING. 

RAILROAD    Signaling. 

The  automatic  block  system  and  electro-mechanical  slot  as  used  on  the 
Philadelphia  and  Reading  R.   R.     Illustrated. —Eng.   News,    April  4,    1895. 

RAILROAD    Signaling. 

The    block    system,    as   used    on    the  Chicago,  Milwaukee  and  St.  Paul  Rail- 
road.     C.    A.    Goodnow.  — R.    R.    Gaz.,  April  12,  1895. 
RAILROAD     Signaling. 

The  Hall  normal  danger  signal  system  as  used  in  the  United  States.  —Lon. 
Eng.,   Aug.  9,  1895,  p.  179. 

RAILROAD    Signaling. 

The  Webb  and  Thompson  train  staff  system  as  used  on  a  section  of  the 
C.  M.  &  St.  P.  R.  R.     Illustrated.  —Eng.  News,  April  11,  1895. 

RAILROAD    Signaling. 

The  interlocking  system  and  block  signaling,  their  characteristics,  different 
forms  and  details.  Interesting  gene  al  explanation  of  principles  and  practice. 
Lecture  by  W.  McC.  Grafton.  —Bulletin,  U.  of  Wisconsin,  Eng.  Series,  No.  6 
(1895). 

RAILROAD   SIGNALING. 

The  interlocking  system,  with  special  description  <of  some  of  the  most  im- 
portant features.  George  H.  Paine.  With  discussion.  — Proc.  Eng.  Club, 
Phila.,    Vol.   XII,   No.   2,  p.    192   (1895). 
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RAILROAD  SIGNALING,  Standard  Rules  for  . 

Preliminary  report  of  committee  to   Railway     Signaling-    Club     of    Chicago. 
—Bug.  News,  May  23,  1895,  p.  333. 

RAILROAD    Signals. 

The  report  of  the  International  Railway  Congress  on  this  question.  — R.  R. 
Gaz.,  July  19,  1895,  p.  479. 

RAILROAD  Stations  and  Yards  in  England. 

The  freight  traffic  and  its  handling  on  very  extensive  scales.  George  H. 
Turner.    Illustrated.  — Eng.     News,   July  11,  1895,  p.  29. 

RAILROAD    STATIONS;   Architecture   of  . 

See  ARCHITECTURE. 

RAILROAD  Terminal  Improvements. 

The  condition  and  progress  of  the  work  at  Providence,  R.  I.  Illustrated. 
— R.  R.  Gaz.,  July  12,  1895,  p.  457. 

RAILROAD;   The  Buffalo   Terminal—. 

Its  proposed  route  and  purpose.  With  map.  — R.  R.  Gaz.,  July  19,  1895,  p.  483. 

RAILROAD.  The  St.  Gothard. 

The  construction,  management,  .extension  and  working  of  this  important 
line.      C.    S.    Du    Riche    Preller.  — Lon.  Eng.,   Jan.   4,   1895,  et  seq. 

RAILROAD  Tie  Plates. 

See  TIE  PLATES. 

RAILROAD  TIES  of  Metal,  and  Preservative  Process  for  Wooden  Ties. 

Usage  in  foreign  countries,  general  review  of  metal-track  question,  and 
the  consideration  of  wooden  ties  and  their  preservation,  and  of  metal  tie- 
plates.  E.  E.  R.  Tratman.  —Bulletin  No.  9,  U.  S.  Dept.  Agriculture,  pp. 
1-363  (1894). 

RAILROAD  Track  Elevation. 

Separation  of  grades  of  the  N.  Y.,  N.  H.  and  H.  R.  R.  in  Boston.  With 
map.  — R.  R.  Gaz.,  June  14,   1895,  p.  383. 

RAILROAD  Track  Elevation. 

Work  of  the  New  York  Central  R.   R.    in    New  York   City,    constructing   a 

masonry  viaduct  and  also  a  metal  structure.  Illustrated  details.  — R.  R. 
Gaz.,  April  12,  1895. 

RAILROAD    Track   Elevation   in    Chicago. 

Progress  of  the  general  plan,  with  particular  plans  at  present  under  way. 
Illustrated.  — R.  R.  Gaz.,  July  26,  1895,  p.  491. 

RAILROAD   Train    Signals   . 

Paper  by  G.  Keeker,  in  Which  the  regulations  adopted  by  the  German  gov- 
ernment in  regard  to  train  signalling  is  discussed  and  criticised.— Arch.  F. 
Eisenbw,   July  and  August,   1895. 

RAILROAD  TRANSPORTATION  and  Production. 

Their  intimate  relation  as  illustrated  by  conditions  existing  in  California. 
With  discussion.  R.  L.  Dunn.  —Jour.  Assn.  Eng.  Socs.,  Vol.  XIV,  No.  5,  p. 
388  (1895). 

RAILROAD.  Transition  Curves  for   . 

See  TRANSITION  CURVES. 

RAILROAD   Trestles. 

See    TRESTLES. 

RAILROAD,  Trolleyizing  the  Nantasket  Beach   . 

General  plan  of  this  railroad,  and  plans  for  operating  it  by  electric  power. 
Illustrated.  — R.  R.  Gaz.,  June  14,  1895,  p.  377. 

RAILROAD  TUNNEL. 

See  TUNNEL. 

RAILROAD,  Underground   . 

Location,  plans  and  general  details  of  the  construction  soon  to  be  under- 
taken in  Paris.  —Lon.  Eng.,  Jan.  25,  1895. 
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RAILROAD,  Underground   . 

Summary  of  report  of  the  Boston  Subway  Commission  concerning-  recom- 
mended steel  and  concrete  construction,  line  and  density  of  travel,  drain- 
age, lighting-,  ventilation  and  methods  of  enlargement.  —St.  Ry.  Gaz.,  Feb. 
23,  1S95. 

RAILROAD,  United  Verde  and  Pacific  .  Arizona. 

Description  of  conditions  and  construction  of  this  railroad  of  3-ft.  gauge 
26  miles  long,  greatest  curvature  about  44  degrees,  maximum  grade  3  per 
cent.  Details  and  cost,  with  maps  of  the  route.  Blbridge  H.  Beckler.  — 
Jour.  Ass'n   Eng.    Socs.,   Feb.,   1895. 

RAILROAD,  United  Verde  and  Pacific  ,  Arizona. 

Description  of  conditions  and  construction  of  this  railroad  of  3-ft.  gauge, 
26  miles  long,  greatest  curvature  about  44  degrees,  maximum  grade  3  per 
cent.  Details  and  cost,  with  maps  of  the  route.  Elbridge  H.  Beckler.  — 
Jour.    Assn.    Eng.    Socs.,    Feb.,    1895.     Abstract,  R.  R.  Gaz.,  April  19,  1895. 

RAILROADS. 

See  AXLES,  BOILERS,  CROSSINGS,  ELECTRIC  AND  STEAM  RAIL- 
WAT,  RAILROAD  SIGNALING,  RAILROAD  STATIONS,  RACK  RAIL- 
WAT,  RAILS,  RAILROAD  AXLES,  TRACKLATING,  TRAINS,  TRAN- 
SITION CURVES,  TRESTLES,  TUNNEL,  UNDERGROUND  RAILWAT, 
VIADUCT,   CAR  FERRT. 

RAILROADS,   Aerial 

The  rope  and  wire  cable  suspended  aerial  railways  of  India,  Hong-Kong, 
Gibraltar,  Spain  and  other  noteworthy  structures.— Ind.  Engr.,  March  23, 
1895. 

RAILROADS,  American   . 

Comparisons  with  the  British.  Impressions  of  Jeremiah  Head,  M.  Inst. 
C.   E.,   London.  — Ry.   Eng.,  April,   1895,  et  seq. 

RAILROADS   and  Electricity. 

The  status  of  the  question  of  substituting  electricity  for  steam  as  it  stands 
at  present.— Dr.  Louis  Duncan's  President's  address  before  the  American 
Institute    of    Electrical    Engineers.  — R.  R.  Gaz.,  July  5,  1895,  p.  444. 

RAILROADS   and  Electricity. 

The  question  of  the  application  of  electricity  to  the  operation  of  trunk  lines. 
Its  improbability  for  such  use;  but  probable  utility  in  the  operation  of 
feeders.  —Frank    J.    Sprague.  —Eng.  Mag.,  Vol.  IX,  No.  4,  p.  642  (1895). 

RAILROADS  and  Electricity. 

The  question  of  substitiiting  electricity  for  steam  as  it  stands  at  prasent. 
Dr.  Louis  Duncan's  presidential  address  before  the  American  Institute  of 
Electrical  Engineers.  — Elec.  Ry.  Gaz.,  July  6.  1895,  p.  5,  et  seq.  R.  R. 
Gaz.,  July  5,  1895,  p.  444.  Elec.  World,  July  6,  1895,  p.  11.  Trans.  A.  I.  F. 
E.,  Vol.  XII,  Nos.  6  and  7.  p.  374  (1895).     Elec.   Engr.,  July  3,  1895,  p.  8. 

RAILROADS,  Belgian   . 

Length,  gradients,  curves,  train  mileage,  earnings  and  various  details.  — Lon. 
Eng.,  June  7,  1895,  p.  723. 

RAILROADS,  Continuous  Rails   on   . 

S-e   RAILS. 

RAILROADS;  Electricity  and . 

The  opposition,  at  present  successfully  carried  out,  of  railroads  to  trolley 
lines,  especially  in  Connecticut— Clarence  Deming.  — Eng.  Mag.  Vol.  ix,  No. 
5,  p.  823  (1895). 

RAILROADS.    Extension  of  the  Prussian   Railways   During   1895. 

An  article  principally  of  statistical  nature  showing  the  proposed  extension 
of  the  Prussian  railways,  for  which  the  necessary  means  already  have  been 
voted.  — Arch.  F.  Eisenbw.,  May  and  June,  1895. 

RAILROADS,  Germ)  n   . 

A  paper  by  C.  Thamer  giving  a  large  number  of  statistical  data  with  refer- 
ence to  the  crop  of  small  grain  in  Germany  and  the  part  of  it  moved  by 
the  railways.  —Arch.   F.   Eisenbw.,  May  a»d  June,  1895. 


lxxxii  ASSOCIATION  OF  ENGINEERING  SOCIETIES. 

RAILROADS   in  Western   Sumatra. 

The  building  of  the  state  railroads,  with  conditions  and  general  details. 
Illustrated.  — Lon.    Engineer,    April  19,   1S95. 

RAILROADS;    Light   . 

Australian  railroads  used  for  transportation  of  sugar  cane.  C.  E.  Forster. 
— Proc.    Inst.    C.    E.,    Vol.    CXXII,   p.  202  (1895). 

RAILROADS;    Mountain    . 

Their  development  and  construction.  The  Anaconda  line,  Central  Railroad 
of  Peru,  Chimbote  and  other  lines  cited.  Illustrated.  Jas.  R.  Maxwell. 
Eng.  Mag.,  Vol.  X,  No.  1,  p.  61. 

RAILROADS,   Portable   . 

Their  advantage  and  use  in  workshops  and  factories.  Track  and  rolling 
stock,  and  examples  cited.  Illustrated.  J.  Walwyn  White.  Lon.  Eng.,  March 
22,  1895. 

RAILROADS  of  South  America. 

A  very  exhaustive  article  by  G.  Kemmann  describing,  especially  from  a 
commercial  point  of  view,  the  railways  of  the  various  countries  in  S. 
America.  —Arch.     f.     Eisenbw,     January  and  February,  1895,  et  seq. 

RAILROADS  of  the  United  States  in    the  Years  1S91-92  and  1892-93. 

An  article  of  statistical  nature  giving  the  growth,  amount  of  traffic,  cost  of 
transportation,  financial  results,  casualties,  number  of  engines  and  cars  in 
service,  etc.,  for  the  years  mentioned.  —Arch.  F.  Eisenbw.,  May  and  June, 
1895. 

RAILROADS,   Prussian  Government   . 

An  exhaustive  article  by  Dr.  Micke,  describing  in  detail  new  methods  of 
Government  administration  and  pointing  out  the  great  progress  achieved. 
—Arch.   f.    Eisenbw,    Mar.   and   April,  1895. 

RAILROADS,  Suburban   Belgium    . 

Very  detailed  and  complete  study  of  the  construction  and  management  of 
these  narrow  gauge  lines.  Complete  description  of  the  roadbed  and  tracks, 
rolling-stock  and  stations,  and  account  of  their  growth,  usefulness  and  ser- 
vice. — Annales  des.   P.   &   C,   Feb.,   1895. 

RAILROADS,  Tlie  Prussian   . 

An  article  in  which  the  financial  results  for  1893-4  are  given  and  discussed. 
Arch.  F.  Eisenbw.,  May  and  June,  1895. 

RAILROADS,   The  Russian   . 

An  article  in  which  the  growth  of  the  Russian  railways  is  given  detail,  as 
well  as  the  financial  results  from  the  year  1892.  The  article  also  gives  sta- 
tistical data  in  regard  to  the  capital  invested  and  to  various  branches  of  the 
service.  —Arch.  F.   Eisenbw.,  May  and  June,  1895. 

RAILS. 

See   RAILROADS,    TIE  PLATES. 

RAILS,   Continuous   . 

Experiments  by  A.  Torrey,  t>f  the  Michigan  Central.  showing  that  the 
usual  friction  between  splice  plates  will  resist  a  strain  due  to  change  of 
temperature  of  22  degrees,  and  that  resistance  of  ties  and  spikes  for  about 
30  feet  in  length  counteracts  a  change  of  temperature  of  1  degree.  W.  L. 
Webb.  — R.   R.   Gaz.,    Sept.   13,   1895,  p.  604. 

RAILS.   Steel. 

Process    of    Manufacture    of.      Illustrated.  —St.  Ry.  Jour.,  Jan.,  1895. 

RAILS;  The  Renewal  of  Worn  Steel . 

The  work  of  the  Pioneer  Rail  Renewing  Co.  Methods  and  results.  ^R.  R. 
Gaz.,  Aug.  2,  1S95,  p.  509. 

REFRIGERATION,    Carbon    Dioxide    for   . 

Its  advantages  for  pipe  line  refrigeration  and  its  efficiency  in  extinguishing 
fires.    E.  F.  Osborne.  —Jour.   Assn.  Eng.  Socs.,  March,  1895. 

RESERVOIR  and  Canal  System  of  the   Swan  Lake  Company. 

Plans  and  w<orks  of  this  Utah  irrigation  enterprise.  Illustrated.  W.  P. 
Hardesty.  —Eng.   News,   Aug.   29,    1.895,   p.    130. 
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RESERVOIR  at  Payson  Park,  Cambridge,  Mass. 

The  Cambridge  source  of  water  supply,  impounding  reservoirs,  pipe  lines, 
and  especial  description  t>f  the  Payson  Park  distributing  reservoir,  with  de- 
tails  of   construction.    Illustrated.  — Eng.   Rec,  Dec.  14,  1895,  p.  25. 

RESERVOIR.   Iron. 

Recently    constructed    at    Bordeaux,     of    560,000  gallons      capacity,    with 

wrought  iron  sides  and  roof.  Short  illustrated  description.  — Lon.  En- 
gineer,   Jan.    11.    1895. 

RESERVOIR;    The   Glasgow    (Scotland)    Craigmaddie . 

The  progress  of  the  work  on  this  important  part  of  Glasgow's  water  supply- 
works.    Illustrated.  —Lon.  Eng.    July  26,  1895,  p.  119. 

RESERVOIR;  tlie  Jerome  Park   . 

General  and  special  description  of  this  proposed  reservoir  for  New  York 
city.  Illustrated  Serial. —Eng.  Rec,  July  13,  1895,  p.  115,  et  seq. ;  Eng. 
News,  July  IS,  1895,  p.  47;  R.  R.  Gaz.,  July  19,  1895,  p.  478. 

RESERVOIR;    The    Queen    Lane . 

Final  report  of  the  Philadelphia  Board  on  necessary  improvements.  — Eng. 
Rec,  Aug.  10,  1S95,  p.  183.— Eng.  News,  Aug.  15,  1895,  p.  102. 

RESERVOIRS. 

See  WATER  WORKS. 

RESERVOIRS,  Precantions    Xecestary     in     Constructing    Masonry    Walls 
of   . 

Methods  of  underdraining  and  protecting  the  main  structure  from  water 
pressure.  Also  method  of  repairing  fissures  by  the  use  of  India  rubber  and 
cement.  Illustrated.  M.  Dutoit.— Annales  des  P.  &  C,  Vol.  7,  No.  6,  p.  658 
(1895);  Eng.  News,  Dec.  26,  1S95,  p.  419;  abstract,  Eng.  Rec,  Oct.  19,  1895,  p. 
370. 

RESERVOIRS,  Slope  Linings  for   . 

The  advantages  of  a  compound  over  a  simple  lining.  Illustrated.  L.  A. 
Francisco.  —Eng.   News,   May  30,  1895,  p.  355. 

RESISTANCE   OF   MATERIALS.     The    Strength      and     Elasticity     of      Bent 
Rods. 

Article  by  R.  Bredt,  in  which  this  subject  is  treated  from  a  theoretical 
point  of  view,   and  very  exhaustively. — Ztsch.  Ver  Ing.,  Aug.  31,  1895,  et  seq. 

RING   Deflections   and    Strains. 

Theoretical  considerations  as  applied  to  a  flexible  ring  under  load.  With 
tables  and  illustrations.  Wm.  H.  Searles. — Jour.  Assn.  Eng.  Socs.,  Vol.  XV, 
No.  3,  pp.  124-139  (1S95). 

RIPARIAN   OWNERSHIP  of  Lands. 

Bordering  on  lakes  and  rivers.  General  discussion.  By  J.  H.  Armstrong. 
Illustrated.  —Jour.   Assn.   Eng.    Socs..  Feb.,  1S95. 

RIVER  Channels. 

The  changes  in  the  bed  of  alluvial  rivers  and  the  law  of  deviation  as  studied 
on  the  river  Dropt  of  France. — M.  Ciavel.  Annales  des  P.  and  C.  Vol. 
VII,  No.  4,  p.  369  (1895). 

RIVER     Discharge. 

See  DISCHARGE. 

RIVER    DISCHARGE    From    Catchment  Areas. 

Discussion  as  applied  to  India,  with  the  application  of  the  Craig  formula. 
— Proc  Inst.  C.  E.,  Vol.  119. 

RIVER  Improvement  on  the   Clyde,    Scotland. 

Recent  progress,  with  detail  of  the  works.  Serial.  —Lon.  Engineer,  Aug.  9, 
1895,  p.  131,  et    seq. 

RIVER  Improvement  on  the  Delaware. 

The  work  of  rectification  at  Philadelphia.  Illustrated.  John  Birkinbine.— 
Eng.  Mag.,  Vol.  IX,  No.  5,  p.  839  (1895). 
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RIVER  IMPROVEMENTS. 

See   DANUBE,    DREDGE,    RIVER., 

RIVER  REGULATION,   Danube. 

See  DANUBE. 

RIVETED  JOINTS,  The  Influence  of   Calking  on  the  Strength  of  . 

Results  of  some  very  interesting  experiments  on  boiler  plates  riveted  to- 
gether but  calked  in  various  ways.  C.  Bach.  — Ztsch.  Ver.  Ing.,  March  16, 
1895. 

RIVETING   by   Hydraulic   Pressure. 

Its  application  to  bridges  of  smaller  size,  with  description  and  plates  of  the 
machine  and  its  particular  application.  — M.  Geoffroy,  Annales  des  P.  and 
C.    Vol.  VII,  No.  4,  p.  349  (1S95). 

RIVETS,  Proportions  of  Riveted  Joints. 

Report  of  a  committee  of  the  American  Master  Mechanics'  Association. 
Mast.  Mech.,  July,  1895. 

RIVETS,    Strength    of   . 

Consideration  of  ,  for  different  uses  and  positions  of  rivets,  and  de- 
duced principles  of  dimensions  and  positions.  Extended  discussion.  By 
M.  Dupuy.  —Annales  des  P  &  C.,  Jan.,  1895. 

ROAD  Building. 

Its  importance  and  effects,  with  especial  reference  to  such  work  in  New 
Jersey.    Col.   P.    V.    Greene.  — Eng.  Rec,  April  13,  1895. 

ROAD   Building  and   Materials. 

General  information  on  these  subjects  and  questions  connected  with  them 
collected  from  different  portions  of  the  country.  State  laws  of  1888-93  on 
this  subject.  —Bulletins  1—10,  U.  S.  Department  of  Agriculture,  1894. 

ROAD     CARRIAGES;     Self-Propelled 

Description  of  the  power  vehicles  that  recently  competed  in  the  Paris-Bor- 
deaux race.    Illustrated.  — Lon.  Engineer,  July  12,  1895,  p.  36. 

ROAD   Construction. 

The  Massachusetts  Highway  Commission,  Its  general  plan  of  work  and  re- 
cent construction.  General  specifications  used  in  the  construction  of  drains, 
gutters,  foundations  and  telford  and  macadam  pavement.  —Eng.  Rec, 
Feb.  23.  1S95. 

ROAD    Improvement. 

Different  uses  of  cheap  local  materials,  with  examples.  Advantages  and 
cost  compared  with  more  costly  materials,  such  as  macadam.  — Bulletin  U. 
S.  Dept.  of  Agriculture,  1895.     Abstract.  —Eng.  News,  Mar.  14,  1895. 

ROAD  Improvements. 

The  macadamized  roads  of  Knox  county,  Tenn.,  and  the  paved  roads  of 
Pulton  county,  Georgia.  J.  E.  M.  Hanckle.  — Jour.  Assn.  Eng.  Socs., 
March.  1895. 

ROAD   Locomotion. 

The  trial  of  power  carriages  in  France  over  740  mile  course  by  vehicles  fur- 
nished with  steam,  petroleum  and  electric  power,  showing  a  sustained  speed 
of  from  10  to   15  miles  per  hour.  —Lon.  Eng.,  June  21,  1895,  p.  800. 

ROADS,   Cost  of  Poor   . 

The  real  economy  of  constructing  good  roads,  with  especial  reference  to 
conditions  in  Virginia.  Clarence  Coleman.  —Jour.  Assn.  Eng.  Socs.,  March, 
1895. 

ROADS;   Macadamized  . 

Their  maintenance  by  the  aid  of  machinery  for  repairs  instead  of  by  hand 
work.    Thomas   Aitken.— Proc.   Inst.  C.  E.,  Vol.  CXXII,  p.  215  (1895). 

ROCK  DRILL,  Electric 

Details  of  the  Marvin  drill  as  now  perfected.  Illustrated.  —Eng.  News.,  Nov. 
7,  1895,  p.  319;  Elec.  World,  Nov.  16,  1895,  p.  553. 
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ROOF;   Steel   framework   for   Court   House. 

The  design  for  the  very  irregular  roof  of  the  Minneapolis,  Minn.,  court 
house.    Illustrated.  —Eng.    News,    July  11.  1S95,  p.  23. 

ROOFING   SLATES. 

See   SLATES. 

ROPE  TRANSMISSION. 

The  transmission  of  power  by  rope  at  the  Naumkeag  Mills,  Salem,  Mass. 
Illustrated.    —Power,    Mar.,    1895. 

ROPE    Transmission. 

See  POWER. 

RUSTLESS  COATINGS. 

See  IRON  AND  STEEL,,  IRON  WORK,   PAINTS, 

RUSTLESS    Coatings. 

See  PRESERVATION  OP   METALLIC  STRUCTURES. 

RUSTLESS  COATINGS  for  Iron  and  Steel. 

Extended  discussion  by  M.  P.  Wood  at  the  recent  Detroit  convention.  Se- 
rial. — Eng.  Rec,  Aug.  3,  1895,  p.  171,  et    seq. 

RUSTLESS   COATINGS  for  Iron  and   Steel. 

See  IRON  AND  STEEL. 

RUSTLESS  COATINGS  for  Iron  and  Steel. 

See  IRON  AND  STEEL  and  IRON  WORK. 

SAFETY  VALVES,  Design  of   . 

By  E.  W.  Barber.  M.  E.     Illustrated.  —Safety  Valve,   Sept.  15,   1895,  p.  14. 

SANITARY  ENGINEERING . 

A  lecture  by  Wm.  Paul  Gerhard,  C.  E.,  delivered  at  the  Franklin  Institute 
of  Philadelphia,  Feb.  15,  1895.  Will  appear  in  full  in  Journal  Franklin  In- 
stitute. Abstract  of  this  paper  sent  to  all  prominent  archit.  and  engin. 
papers. 

SANITATION. 

Improved  Methods  of  House  Drainage.  Recent  improvements  discussed 
before  the  Architectural  League.  Wm.  Paul  Gerhard.  —Am.  Arch.,  Jan. 
5,    1895.      Sci.    Am.    Sup.,    Jan.   26,    1895. 

SCREW  MACHINE. 

Turret  screw  machine,  with  chasing  bar,  made  by  Alfred  Herbert,  of 
Coventry,    England.      Illustrated.  — Am.    Mach.,   Jan.    17,   1895. 

SCREW  THREAD.  Metrical   . 

The  machinery  and  methods  used  by  Ludwig  Loewe  &  Co.,  in  Berlin.  -~ 
Ztsch.   Ver.   Lug.,   Jan.   12,  1895. 

SCREW-THREADS,   The    Influence    of   the    Shape    of    the    Thread    on    the 
Strength   of  the  Bolt. 

A  series  of  tests  of  the  tensile  strength  of  bolts  provided  with  various  kinds 
of  threads.    A.   Martens.  —Ztsch.   Ver.  Ing.,  April  27,  1S95. 

SCREWS.  New  Thread  for  . 

Designed  to  replace  square  threads.  By  A.  M.  Powell.  Illustrated.  — 
Am.  Mach..  Jan.  24,   1895. 

SCREWS;   Strength  of  . 

Article  by  C.  Bach  describing  a  very  interesting  series  of  experiments  con- 
ducted by  the  author  to  find  the  influence  of  the  thread  on  the  strength  of 
the  screw.— Ztsch.  Ver  Ing.,   July  20,   1895,  et  seq. 

SEA   WALL   Construction. 

Use  of  dry  concrete  in  bags  for  submarine  work.  Its  durability  and  effec- 
tiveness. Abstract  of  paper  by  Lt.  Col.  Jared  A.  Smith.  Illustrated.  — 
Jour.    Assn.    Eng.    Socs.,    Nov.,,  1894.  —Eng.  Rec,  Mar.  23,  1895. 

SEA- WORKS,  Machinery  for  . 

Instruments  for  marine  surveys,  building  and  dredging  plant  and  the  ap- 
plication of  transmitted  power  to  harbor  plant.  W.  E.  Kenny.  — Proc.  Inst. 
C.  E.,  Vol.  119. 
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SEPARATOR.  Entrained  Water 

Designed  by  John  E.  Sweet  and  brought  out  by  the  Straight  Line  Engine 
Co.      Illustrated. —Am.     Mach.,    Dec.  20.  1S94. 

SEWAGE   and  AVater   Supply. 

See  WATER   SUPPLY. 

SEWAGE  DISPOSAL,  of  Berlin. 

Well  described  as  they  were  in  1894.  With  three  plates.  — Annales  des  P. 
&  C,  Sept.,  1895. 

SEWAGE  Disposal  and  Sewers. 

See   SEWERS. 

SEWAGE  DISPOSAL,  at  Manchester,    England. 

The  sewers  and  the  disposal  works  for  treating  chemically  and  filtering 
2,400,000  cubic  feet  per  day.  Wm.  Thomas  Olive.  — Proc.  Inst.  Mech. 
Engs.,   July,   1894. 

SEWAGE  Disposal  Works. 

Works  at  New  Rochelle,  N.  Y.,  using  chemical  precipitation  for  purify- 
ing the  sewage.  — Eng.  Rec,  Mar.    9,   1S95. 

SEWAGE  DISPOSAL  Works  of  East    Molesey,  England. 

The  sewerage  system  and  extensive  disposal  works,  using  the  method  of 
chemical     precipitation.    Illustrated.  — Lon.  Eng.,  Dec.  20,  1S95,  p.  763. 

SEWAGE   Disposal   Works   of   Edinburgh,  Scotland. 

Methods,  results  and  costs.  W.  Fairley. — Proc.  Inst.  C.  E.,  "Vol.  CXXI,  p. 
226  (1895). 

SEWAGE  Disposal  Works  of  Glasgow,  Scotland. 

The  intermittent  precipitation  and  nitration  works.  Description  of  the 
Works  and  their  operation,  with  methods,  quantities,  cost  and  results. 
Serial.  —Lon.   Eng.,  Aug.  16.   1895,  p.   208,   eti  seq. 

SEWAGE  Disposal  Works  of  Glasgow,    Scotland. 

The  intermittent  precipitation  and  filtration  works.  Description  of  the  works 
and  their  operation,  with  methods,  quantities,  cost  and  results.  Abstract. 
—Eng.  Rec,  Nov.  23,  1895,  p.  460. 

SEWAGE  FARMS  and  Sewerage  System   of  Paris. 

See  SEWERAGE  SYSTEM. 

SEWAGE  IRRIGATION  Works. 

See  SEWAGE  DISPOSAL  OF  BERLIN. 

SEWAGE,    Micro-Organisms    of  . 

Experiments  showing  that  sewage  bacilli  are  not  imparted  to  sewer  gas, 
and  that  the  typhoid  bacillus  does  not  live  many  days  in  sewage.  Report 
of  Drainage  Committee  of  the  Lon  don  County  Council.  — Eng.  F«.ec,  Mar. 
16.  1895. 

SEWAGE   Purification. 

Excellent  results  of  electric  systems.  The  Woolf  (electrozone)  and  the  Her- 
mite  processes  especially  described,  with  practical  examples  of  their  work. 
W.    L.   Hedenberg.— Eng.   Mag.,   Vol.  X,  No.  1,  p.  76. 

SEWAGE   Purification. 

The  chemical  precipitation  plant  at  New  Rochelle,  N.  Y.  History  of  pre- 
vious disposal  attempted  and  of  the  present  works.  —Eng.  News,  Feb.  28, 
1895. 

SEWAGE  Purification. 

The  broad  irrigation  and  intermittent  filtration  works  of  Meriden,  Conn.  Il- 
lustrated. —Eng.  News,  July  18,  1895,  p.  35. 

SEWAGE  Purification. 

The  broad  purification  of  sewage  from  the  separate  system  of  sewers  of 
Freehold,    N.    J.    Illustrated.— Eng.  News,  June  27,  1895,  p.  418. 

SEWAGE  PURIFICATION  at  Ipswich. 

The  Hermite  process  and  its  application.  J.  Napier.  — Sci.  Am.  Sup.,  Nov. 
9,   1895,  p.  16565. 
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SEWAGE,  Purification  of   . 

Its  aeration  by  causing  it  to  overflow  troughs  and  drop  onto  lattice  work, 
after  which  it  is  used  for  steam  and  condensing  purposes  advantageously 
and  without  nuisance.  — Ind.    Engr.,   May  11,  1895. 

SEWAGE   SYSTEMS;  Ventilation   of  . 

Methods  considered,  applicable  to  separate  systems.— Parker  N.  Black.  Se- 
rial. — Eng.    Rec,    July   13,   1895,    p.   116,  et  seq. 

SEWER,  Extension  at  Denver,  Colo. 

The  Delganey  street  sewer,  cost  of  brick,  rubble  and  concrete  construction 
and  details  of  work  including  storm  water  weir  and  overflow.  Illustrated. 
—Eng.  Rec,  Nt>v.  9,  1895,  p.  421. 

SEWER  PIPE  and  Paving  Brick  Manufacture. 

See  PAVING  BRICK. 

SEWERAGE    in    Europe. 

Consular  reports  of  the  systems  of  Amsterdam,  Berlin,  Bordeaux,  Brad- 
ford, Bremen,  Brussels,  Cardiff,  Constantinople,  Copenhagen,  Dublin,  Ed- 
inburgh, Leith,  Florence,  Frankfort,  Glasgow,  Hamburg,  Leeds,  Liverpool, 
Lyons,  Manchester,  Marseilles,  Munich,  Rome,  Rotterdam,  St.  Petersburg, 
Stettin,  Stockholm,  Trieste  and  Vienna.  — U.  S.  Consular  Reports,  February, 
1895. 

SEWERAGE   SYSTEM  and   Sewage   Farms  of  Paris. 

Description  of  this  extensive  system,  by  Bechmann  and  Launay.  Illus- 
trated.    With  editorial  comment.    Eng.  News,  Aug.  22,  1895,  pp.  122  and  121. 

SEWERAGE  System  of  Los  Angeles,  California. 

Topographical  and  historical  consideration  and  extended  description  of  the 
system  and  of  the  outfall  extending  frcm  the  city  to  the  sea.  Illustrated. 
Burr   Bassell.  —Eng.    News,    Feb.    28.  1895. 

SEWERAGE   Works   of   Boston. 

The  Deer  Island  Works,  giving  particulars  concerning  the  pumping  sta- 
tion and  the  sewer  pipe  for  discharging  sewage  3500  feet  into  the  bay.  — 
Eng.   Rec,   Feb.  9,   1895. 

SEWER,  Large   Denver   . 

Details  of  construction  of  a  94  inch  sewer  and  storm  overflow.  Illustra- 
ted. —Eng.   News,    Dec  26,   1805,   p.  430. 

SEWER  PIPE  JOINTS. 

Tests  of  tightness  of  cement  joints,  with  deductions  as  to  composition  of 
cement  and  its  use  and  as  to  form  of  joint.  Freeman  C.  Coffin. — Jour. 
Assn.    Eng.    Sties.,    Dec,    1894.      Eng.   News,  Jan.  3  and  10,  1895. 

SEWER    PIPES;   Tests  of . 

The  crushing  strength  of  different  sizes  of  usual  dimensions  varies  from 
1200  to  2400  pounds  per  lineal  foot.  —Eng.  Rec,  Aug.  10,  1895,  p.  188. 

SEWER   SYSTEM   Without   Flush   Tanks. 

Experience  at  Mount  Vernon,  N.  Y.,  indicates  that  the  flushing  of  a  sepa- 
rate sewer  system  is  not  necessary.  F.  S.  Odell.  With  extensive  discus- 
sion.—Trans.    A.    S.   C.    E.,    Vol.    XXXIV,  No.  3,  pp.  223-234  (1895). 

SEWERS  and  Sewage  Disposal. 

General    considerations    and    different  systems.     By  Rudolph  Hering.  —Eng. 
Mag.,   Mar.,   1895. 
SEWERS   AND  WATER  MAINS,  Flow    in    . 

See  WATER  MAINS. 

SEWERS;  Flow  in  Water  Mains  and    . 

See  WATER  MAINS. 

SEWERS;    Some    Recent    Philadelphia . 

Extensive  work  in  deep  sewer  construction.       Difficulties     encountered     and 
methods    given.    Illustrated.  —Eng.  Rec,  Aug.  3,  1895,  p.  167. 
SHAFTS;  Solid  and  Hollow   . 

Experiments  on  their  relative  and  actual  torsional  strength.  W.  C.  Popple- 
well   and    E.    G.    Coker.— Proc    Inst.  C.  E.,  Vol.  CXXII,  p.  291  (1895). 
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SHAFTS,  Torsional  Strength  of  . 

A  paper  by  W.  C.  Popplewell  and  E.  G.  Coker,  read  before  the  Institution 
of  Civil  Engineers,  giving-  the  results  (of  experiments  made  on  solid  and 
hollow  shafts.  — Prac.  Engr.,  Aug.  30,  1895,  et  seq. 

SHAPING  MACHINES. 

See    MACHINE. 

SHEETING  for  Steel  Ships. 

See  SHIPS. 

SHIP  CANAL,  at  Sanlt  Ste  Marie,  Canada. 

General  characteristics.  — Eng.  Rec,   Nov.   16,   1S95,  p.  435. 

SHIP  CANALS;  Cost  of  . 

Comparative  cost  of  the  Suez,  Corinth,  Manchester  and  Baltic  Canals,  witn 
extensive    comment.  —Eng.     News,  July  11,  1895,  p.  25. 

SHIPS;  Sheeting  for  Steel   . 

The  use  of  wood  and  copper  sheeting,  its  efficiency  and  results.  Sir  Wil- 
liam White.  Serial. —Lon.  Eng.,  June  21,  1895,  p.  813,  et  seq.;  Lon.  Engi- 
neer, June  14,  1895,  p.  506. 

SHOPS   of  the   Westinghonse   Electric   and    Manufacturing'   Company. 

The  plant  at  Brinton,  Pa.,  operated  by  electric  power.  Details  of  the  works, 
with  extensive  illustrations.    Serial.  — Eng.  Rec,  June  1,  1895,  p.  7,  et  seq. 

SIGNALING. 

See  RAILROADS. 

SIGNALING,  Railroad  . 

Modern  practice  discussed  from  the  standpoint  of  the  engine  driver.— Eng. 
News.  Mar.   14,  1895. 

SILTING  in  Irrigation  Canals. 

Its  prevention  as  theoretically  discussed  and  practically  observed  on  the 
Bari-Doab  canal  system  of  India.  R.  G.  Kennedy.  — Proc.  Inst.  C.  E.,  Vol. 
119. 

SLATES,  Roofing   . 

Their  strength  and  weathering  qualities  discussed  by  Prof.  Mansfield  Merri- 
man.  Account  of  tests  for  strength,  toughness,  density,  porosity  and  cor- 
rodibility.  The  impact  and  acid  tests.  With  discussion.  Illustrated.  — Trans. 
A.  S.  C.  E.,  December,  1S94.    Stone,  April,  1895. 

SLATES,    Roofing   . 

Their  strength  and  weathering  qualities  discussed  by  Prof.  Mansfield  Mer- 
riman.  Account  and  tests  for  strength,  toughness,  density,  porosity  and 
corrodibility.  The  impact  and  acid  tests.  With  discussion.  Illustrated. 
—Trans.  A.   S.  C.  E.,  Dec,  1894. 

SLIDE    RULE,  The  - — . 

Theory  and  general  principles,  and  methods  of  use.  Illustrated.  —Eng. 
News,  Nov.  21,  1895,  p.  340. 

SLIDE  VALVES, 

By    Chas.    Hague.      Illustrated.  —Am  Mach.,  Aug.  29,  1895,  p.  682. 
SMOKE   Prevention. 

Article  by  R.  Stribeck.  describing  a  series  of  experiments  with  various 
devices.  A  photo-metric  method  for  determining  the  density  of  smoke 
is      used.      —  Ztsch      Ver.       Inj.,       Feb.    16,    1S95.   et  seq. 

SMOKE,  Prevention  of  . 

By   R.    J.    McCarty.  —St.   Ry.    Jour.,  Dec,  1895,  p.  809. 

SMOKE-STACKS,  Modern   . 

Designs,  both  in  iron  and  brick,  described.  The  article  is  well  Illustrated. 
— Pr.  Msch.  Cnstr.,  March  14,  1895. 

SMOKE,  The  Amount  of  Carbon  Dioxide  in   . 

An  article  describing  an  instrument  for  indicating  the  per  cent,  of  carbon 
dioxide   in    smoke    from   furnaces.  —Prac.  Engr..  Aug.  9,  1895. 
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SNOW  PLOW  and  Rail  Scraper, 

Used  on  the  Richmond  City  Railway  Co.  Illustrated.  —St.  Ry.  Jour.,  Jan., 
1895. 

SNOW  PLOW.  Electric   . 

For    electric    street    railways.    Illustrated.  — Elec.  Eng\,  Jan.  2,  1895. 

SNOW  PLOW7.  Electric   

For  electric  street  railways  of  the  Pennsylvania  Traction  Company,  Lan- 
caster,   Pa.    Illustrated.  —St.   Ry.   Jour.,    Jan.,    1895. 

SNOW  PLOW.  Electric. 

Hirt's  patent  electric  steel  :;now  plow,  made  by  J.  L.  White  Mfg.  Co.,  New 
Tork.    Illustrated. —St.     Ry.     Jour.,  Jan.,  1895. 

SNOW  PLOW.  The  Taunton   . 

Made  by  the  Taunton  Locomotive  Co.    Illustrated.  —St.  Ry.  Jour.,  Jan.,  1895. 

SOUNDING   BOAT. 

Details  of  the  boat  used  on  the  Danube  River  improvement  for  careful  work. 
—Eng.  News,  Aug.  15,  1895,  p.  103. 
SPECIFICATIONS. 

See   BRIDGES,    CEMENT,    STEEL,  STANDPIPES,   STEEL  RAILS. 

SPECIFICATIONS  AND  CONTRACTS,    Teaching . 

See  ENGINEERING  EDUCATION. 

SPECIFICATIONS   for  Bridges. 

See  BRIDGES. 

SPECIFICATIONS  for  Electric  Light  Franchise. 

As  drawn  by  the  trustees  of  Hempstead,  N.  T.  — Eng.  News,  Aug.  22,  1895, 
p.    117. 

SPECIFICATIONS  for  Structural  Steel. 

See  STEEL. 

SPECIFICATIONS   for  the   Boston   Subway. 

Including  excavation,  filling,  materials,  timber  work  and  labor.— Eng.  News, 
Oct.  24,  1895,  p.  273. 

STACKS.  Tall   Steel   . 

Design  and  construction  of  the  stacks  for  the  Maryland  Steel  Company  at 
Sparrow's  Point,  Maryland.  Two  chimneys  of  13  feet  diameter  and  225 
feet  high.    Illustrated.  —Eng.  Rec,  April  6,  1895. 

STADIA. 

See   SURVEYS,    TOPOGRAPHY. 

STADIA   Measurements. 

See   SURVEYS. 

STADIA  River  Surveys. 

See  SURVEYS. 

STAGNATION  in  Ponds  and  Reservoirs. 

See  WATER  WORKS  OF  BOSTON. 

STAND-PIPE   Accidents   and   Failures. 

Examples  and  data  additional  to  those  published  by  the  same  writer  last 
year.    Prof.  William  D.  Pence.  —Eng.  News,  April  25,  1S95. 

STANDPIPE;  an  Encased . 

Novel  and  interesting  design  of  a  standpipe  for  St.  Charles,  Mo.,  in  the  use 
of  horizontal  circular  girders  for  stiffening  as  a  special  provision  for  wind 
pressure.  Illustrated.  Edward  Flad.  —Jour.  Assn.  Eng.  Socs.,  Vol.  XIV,  No. 
6,  p.  533  (1895).    Eng.  News,  Aug.  8,  1895,  p.  92. 

STAND  PIPES;  Should  Their  Construction  Be  Abandoned? 

The  situation  and  arguments  pro  and  con  editorially  considered.  —Eng.  News, 
May  30,  1895,  p.  353. 

STAND-PIPES,  Specifications  for   . 

Extensive  and  valuable  treatment  of  material,  tests,  workmanship, 
punching,  erection,  rivets  and  riveting,  calking,  rejections  and  superin- 
tendence. Paper  14  columns  in  length.  Prof.  William  D.  Pence.  —Eng. 
News,  Feb.   28,   1895. 
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STATION,    Philadelphia    and    Reading  Railroad   . 

See   RAILROAD. 

STEAM. 

See  BOII/BR,  ELECTRICITY,  ENGINES,  INDICATORS,  MOISTURE, 
PIPES,  PIPE  COVERING,  PUMP,  STEAM  ENGINE,  VALVES,  WATER 
WORKS. 

STEAMBOAT;    a    Steel    River . 

Proposed  plans  for  their  framework  by  F.  H.  Kindl  and  Carl  Schinke.  Illus- 
trated. —Eng.   News,   July  25,   1895,  p.  52. 

STEAMBOAT   Specifications. 

Given  in  detail  for  the  construction  of  the  hull  of  a  vessel  about  50  ft. 
long    for  river  navigation.   — Mech.  World,  Jan.  11,  1895. 

STEAMBOAT  "St.  Louis." 

Design  and  details  of  this  new  American  Line  steamship.  Special  descrip- 
tion of  its  machinery.    Well  illustrated.  — Eng.  News,  Aug.  15,  1895,  p.  99. 

STEAMBOATS;   Indian   River   . 

Serial  describing  the  boats  built  for  service  on  the  rivers  of  India,  both  for 
through  service  on  the  large  rivers  and  others  to  serve  as  feeders  plying 
on   small  and   shallow   streams.  — Ind.  Engr.,  June  8,  1895,  p.  335,  et  seq. 

STEAMBOATS    of   Hudson   River. 

Historical  review  of  all  important  boats,  showing  the  progress  in  design 
and  equipment  from  the  "Clermont"  to  the  most  recent  boats.  Samuel 
Ward    Stanton.  —Eng.    Mag.,    Feb.,   1895. 

STEAMBOATS;   Rol»ert   Fulton  and   his . 

Historical  review,  showing  details  of  his  work  and  inventions.  Illustrated. 
T.    C.   Purdy.  —Eng.   Mag.,   Vol.   IX,  No.  5,  p.  868. 

STEAM    Carriages. 

The  present  development  of  steam  carriages  for  passenger  traffic  on  com- 
mon  roads.    Illustrated   serial.— Lon.  Engineer,   Sept.  20,  1895,  p.  281,  et  seq. 

STEAM,  Cost   of  Water  Power  and . 

Tables  and  discussion,  giving  comparison  in  detail  for  Montana,  with  some 
data  of  other  great  water  powers.  M.  S.  Parker.  — Jour.  Ass'n  Eng.  Socs., 
Vol.   XV,   No.   1.   pp.  26-30. 

STEAM,  Dryness  of   . 

Discussion  of  its  determination  by  different  methods  and  their  reliability, 
with    suggestions.       W.     Cawthorne  Unwin.  —Lon.  Eng.,  Feb.  15,  1895. 

STEAM  ENGINE.  Automatic   . 

Of  new  design,  built  by  the  Atlas  Engine  Works,  and  termed  the  Atlas 
Cycloidal   Engine.  — Power,    Jan.,    1895. 

STEAM-ENGINE.    Contemporary   Economy  of  the   . 

A  paper  by  R.  H.  Thurston  showing  how  close  the  efficiency  of  the  actual 
engine  now  approaches  the  computed  efficiency  of  the  ideal  thermodynamic 
engine.  —Trans.    A.   S.    M.    E.,    Vol.  XV. 

STEAM   ENGINE   Cylinder  Walls. 

See  CYLINDER  WALLS. 

STEAM  ENGINE  Economy. 

History  and  principles  governing.  Henry  Davey. — Proc.  Inst.  C.  E.,  Vol. 
CXXII,  p.   1  (1895). 

STEAM  ENGINE.  Erection  of  Corliss   . 

By   A.    S.    Mann.    Illustrated.  —Power,  Dec,  1894,  et  seq. 

STEAM  ENGINE  Experiments. 

Made  on  a  vertical  single-cylinder  engine,  with  and  without  steam  in  the 
jackets,  condensing  and  non-condensing,  double  and  single  acting,  at  dif- 
ferent expansions,  with  saturated  and  superheated  steam.  Results  obtained. 
Illustrated.    Bryan  Donkin. — Proc.  Inst.  Mech.  Engr.,  Jan.,  1895,  p.  90. 

STEAM  ENGINE  Governing. 

Comparative  advantages  of  governing  by  throttling  and  by  variable  expans- 
ion.     Capt.    H.    Riall   Sankey.    Proc.  Inst.  Mech.  Engrs.,  Apr.,  1895,  p.  154. 
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STEAM   ENGINE.    Test   . 

An  article  by  Professor  Schroeter,  in  Munich,  describing-  a  thorough  trial 
of  a  steam  engine,  working  with  highly  superheated  steam,  and  of  the 
boiler  furnishing  the  steam.  The  results  obtained  make  this  article  one  of 
an  extraordinary  interest.  The  article  is  fully  illustrated.  — Ztsch.  Ver. 
Ing-.,  Jan.  5,  1895. 

STEAM-ENGINE,  Tlie  Economy  of  the   . 

A  determination  of  the  effect  on  the  economy  of  the  steam  engine  of  water 
in  the  steam.    By  R.  C.  Carpenter.  —Trans.  A.  S.  M.  E.,  "Vol.  XV. 

STEAM   ENGINE.   Trial   of  a   Compound   

Having  cylinder  ratio  of  7  to  1.  Paper  read  by  F.  W.  Dean  before  Am.  Soc. 
Mech.  Eng.,  describing  the  trial  of.  —Safety  Valve,  Dec.  5,  1894. 

STEAM  ENGINE  With  Frikart  Valve    Gear. 

Article  giving  detailed  drawings  of  an  excellent  steam  engine  with  this 
modified  Corliss  valve  gear.  — Pr.  Msch.  Cnstr.,  April  25,  1895. 

STEAM  ENGINES. 

Condenser  for  steam.  Illustration  and  description  of  a  new  condenser 
brought  out  by  H.  R.  Worthington.  —Power,  Dec.  1894. 

STEAM  ENGINES. 

See  ENGINE,    TESTS. 

STEAM  ENGINES. 

Trial  of  a  vertical  triple  expansion  condensing  pumping  engine  at  the  Tren- 
ton Water  Works.  Abstract  of  paper  by  S.  W.  and  S.  S.  Webber,  read  be- 
fore Am.  Soc.  of  Mech.   Eng. —Safety  Valve,  Dezc.  15,  1894. 

STEAM  ENGINES.   Comparative  Efficiencies   of  ■ 

Comparison  of  the  action  of  a  fixed  cut-off  and  throttling  regulation  with 
that  of  the  automatic  variable  cut-off  and  Compound  engines.  Discussion 
presented  to  Am.  Soc.  of  M.  E.  by  Chas.  T.  Porter,  together  with  the  de- 
scription of  a  new  design  of  throttling  engine,  having  a  cam  valve.  Illus- 
trated. —Power,    Jan.,    1895.  —Safety  Valve,  Jan.,  1895. 

STEAM  ENGINES.  Governing:   . 

Experiments  on  by  means  of  compression.  Paper  read  before  the  Am.  Soc. 
of  M.  E.   by  Jno.  H.  Barr.  —Am.  Mach.,  Jan.  24,  1895. 

STEAM  ENGINES.  Horse  Power  of . 

Nominal  Article  by  A.  Slucki,  advocating  the  classification  of  engines  ac- 
cording to  nominal  horse  power,  but  giving  new  rules  for  this  classifica- 
tion. —Ztsch.  Ver.  Ing.,  Jan.  12,  1895. 

STEAM  ENGINES.  Losses  in   . 

Drop  losses  in  multiple  expansion  engines.  By  Chas  M.  Jones.  —Am.  Mach., 
Dec.  20,  1894. 

STEAM  ENGINES.  Safety  Devices  for   . 

Various  arrangements  which  have  been  tried  in  the  last  few  years  to  pre- 
vent accidents  causing  loss  of  life,  etc.  The  arrangements  described  and 
illustrated  are  all  devices  which  will  stop  the  engine  in  case  of  necessity. 
—Ztsch.  Ver.  Ing-.,   Dec.  22,   1894. 

STEAM  ENGINES,  With  Triangular    Connecting  Rod. 

Article  describing  and  illustrating  an  engine  which  employs  a  triangular 
frame  connecting  rod  to  transmit  the  driving  effort  from  a  pair  of  cross- 
heads  to   one  crank  pin.  —Am.   Mach.,  Dec.  27,  1894. 

STEAM,   Flow   of   . 

The  flow  of  steam  in  pipes,  with  diagrams,  by  Wm.  Cox.  Illustrated. 
—Am.   Mach.,  Feb.  28,  1895. 

STEAM  Heating. 

Comparative  tests  of  radiators.  Extensive  data.  Illustrated.  —Eng-.  News, 
Dec.  26,  1895,  p.  428-430. 

STEAMSHIP   Machinery. 

Equipment  of  the  new  American  liner.  St.  Louis.  — Lon.  Eng.,  June  21, 
1895,  p.  800. 
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STEAM;  Moisture  in  . 

Its  determination  when  flowing  in  a  horizontal  pipe.  Probability  that  the 
method  of  its  determination  by  calorimiter  tests  is  erroneous.  D.  S.  Jaco- 
bus.   With    editorial    comment.  — Eng.  News,  July  18.  1895,  pp.  46  and  41. 

STEAM,   Plants    for   Power. 

An  article  discussing  forced  draft  and  atmospheric  condensing  for  steam 
power  plants.  —Eng.   Mech.,   April,  1895. 

STEAM,  Preventable  Wastes  of  Heat    in    the    Generation    and   Use    of  . 

A  lecture  by  W.  Kent,  delivered  before  the  Franklin  Institute.  —Jour. 
Frank.  Inst.,  Dec,  1895,  p.  406. 

STEAM    SHOVEL.    The   . 

Its  design,  manufacture,  economy  and  adaptability.  A  strong  and  thorough 
article.    Illustrated.    A.     W     .Robinson.  — Cassier,  Jan.,  1895. 

STEAM    SHOVEL,;    The    Warrington   . 

Mounted  on  trucks,  having  a  frame  made  entirely  of  steel  and  other  novel 
features.    Illustrated.  —Eng.     News,  July  4,   1895,  p.  6. 

STEAM,   Superheated   . 

The  Schmidt  motor  for  developing  and  using  superheated  steam.  Details  of 
construction    and    tests    of    efficiency.  — Lon.  Eng.,  Jan.  25,  1895. 

STEAM,    the    Dryness    of   . 

Its  determination  by  the  weighing,  separating,  condensing,  superheating, 
wire-drawing  and  chemical  methods,  with  practical  conclusions.  Illustrated. 
W.   Cawthorne  Unwin.— Proc.  Inst.  Mech.  Engr.,  Jan.,  1895,  p.  31. 

STEAMSHIPS,  The  Earliest  Transatlantic  . 

History  and  descriptions  of  the  noteworthy  yessels  of  the  period  1819-1855. 
Illustrated.     S.    W.    Stanton.  —Eng.  Mag.,  Vol.  IX,  No.  6,  p.   1051  (1895). 

STEAMSHIPS,    Transatlantic   . 

Their  characteristics,  from  1856  to  1880.  The  advent  of  the  screw  propeller 
and  compound  engine.  Details  of  prominent  examples.  Fully  illustrated. 
Samuel  Ward  Stanton.  —Eng.  Mag.,  Vol.  X,   No.  2,  pp.  245-260  (1895). 

STEAM,  The  Production   of   . 

Tests  made  upon  locomotive  boilers  to  determine  the  influence  of  length 
and  diameter  of  tubes,  metal  of  tubes,  volume  and  form  of  smoke-box, 
different  systems  of  exhaust,  and  speed  of  engine,  by  Edward  Sauvage. 
—Am.  Eng.  &  R.  R.  Jour.,  Jan.,  1895. 

STEAM   TURBINE. 

Theory  of  design  and  efficiency  treated  in  a  very  satisfactory  manner  by 
L.    Klein.    Illustrated.— Ztsch.   Ver.  Ing.,  Oct.  5,  1895. 

STEAMSHIPS,    Transatlantic   . 

The  great  multiple  expansion  steel  ships  of  the  last  fifteen  years.  Illus- 
trated.   S.    W.    Stanton.  —Eng.    Mag.,  Vol.  X,  No.  3,  p.  447. 

STEEL. 

See     CRYSTALLIZATION,      ROOF,      RUSTLESS      COATINGS,      STACKS, 

TESTS. 

STEEL  and   Concrete  in   Combination. 

See   CONCRETE. 

STEEL    Castings. 

Tests  showing  great  toughness  in  annealed  steel  castings.  With  table  and 
illustration.    Gus.  C.  Henning.— Eng.  News,  Oct.  24,  1895,  p.  268. 

STEEL,    Crystallisation    of   . 

See    CRYSTALLIZATION. 

STEEL:  Elastic  Limit  in . 

The  true  elastic  limit  should  be  strictly  determined  in  tests.  Gus  C.  Hen- 
ning. Also  lengthy  editorial  discussion  of  the  question  of  "elastic  limit"  and 
"yield  point"  in  theory  and  their  applicability  to  commercial  tests.  —Eng. 
News,  July  25,  1895,  pp.  61  and  56. 

STEEL;  Elastic  Limit  of   . 

See  ELASTIC  LIMIT. 
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STEEL,  FORGINGS. 

Notes  on .     By  G.  M.  Sinclair.    Paper  read  before  the  Am.  Stic,  of  Mech. 

Engrs.  — Prac.  Engr.,   Dec.  14,  1894. 

STEEL,  in  Buildings. 

See    BUILDINGS. 

STEEL  in  Large  Buildings. 

Historical  review  and  general  discussion  of  the  use  of  steel  and  its  effi- 
ciency, and  problems  occurring  in  its  adaptation  to  great  buildings.  C.  T. 
Purdy.  —Jour.  Assn.  Eng.  Socs.,  March,  1S95.    Abstract,  Eng.  Rec,  February 

16,  1895,  et  seq. 

STEEL  MAKING,  The  Revolution  in   . 

The  importance  and  influence  of  the  open  hearth  process.  Win.  Metcalf. 
—Eng.   Mag.,  Vol.  IX,   No.   6,  p.   1072   (1S95). 

STEEL;    Mild   . 

See  IRON,  INGOT  . 

STEEL;  Nickel   . 

Its  advantages  over  ordinary  steel  for  many  purposes.  Henry  A.  Wiggin. 
— Lon.   Eng.,   Oct.   4,   1895,   p.  438;   Sci.   Am.  Sup.,  Oct.  12,  1895,  p.  16,492. 

STEEL,  Nickel  . 

Its  use  to  secure  toughness  as  well  as  a  high  elastic  strength.  A  series  of 
tests  which  indicate  its  advantages  over  carbon  steel  hardly  great  enough  to 
warrant  its  structural  use.  With  tables.  H.  H.  Campbell.  —Trans.  A.  S.  C. 
E.,    Vol.    XXXIV,    No.    4,    pp.    285-293   (1895). 

STEEL  PIPE.  Specifications  for  Riveted   

For  the  water  works  system  of  Cambridge,  Mass.  L.  M.  Hastings,  City 
Engineer.  —Eng.   Rec,  Jan.   5,    1895. 

STEEL,  Progress  in  tne  Manufacture  of  Castings. 

By  H.  L.  Jautt.  —Trans.  A.  S.  M.  E.,  Vol.  XV. 

STEEL    RAILS    for    Bridges. 

See   BRIDGES. 

STEEL  RAILS;  Renewal  of  Worn . 

See  RAILS. 

STEEL  RAILS;  Specifications  for  . 

Present  practice  west  of  the  Alleghanies,  covering  section,  lengths,  fin- 
ish, drilling,  branding,  chemical  composition,  tests,  treating  of  ingots,  cut- 
ting of  blooms,  heating  and  inspection.    Robert  W.  Hunt.— Eng.  News,   Oct. 

17,  1895,  p.  252;  R.  R.  Gaz.,   Oct.  18,  1S95,  p.  688. 

STEEL,  Soft   for  Bridges. 

Its  use,  necessary  qualities  and  suggested  specifications,  with  tables  giving 
steel  requirements  of  27  railroads  and  bridge  authorities.  Illustrated. 
Harry  J.  Lewis.  — Eng.  News,  April  25,  1895.  Abstract,  Eng.  Rec,  April  27, 
1895. 

STEEL,  Specifications  for  Structural   . 

Manufacture,  chemical  composition  and  physical  properties  considered,  and 
the  recommendations  made  that  the  rolled  test  bar  be  used  as  a  rule;  that 
castings  of  simple  form  be  used  without  annealing,  and  that  special  bend- 
ing, drop  or  chemical  tests  be  sometimes  used.  H.  H.  Campbell.  With 
tables,  diagrams,  discussion  and  correspondence.  —Trans.  A.  S.  C.  E.,  Vol. 
XXXIII,  No.  4,  pp.  297-404  (1895). 

STEEL,  Structural   . 

Specifications,  taken  from  those  used  by  A.  C.  Cunningham.  —Eng.  News, 
Feb.  14,  1895 

STEEL,  Structural ,  Tests  of  . 

Short  description  and  table  of  results,  showing  that  an  elastic  limit  equal 
to  two-thirds  the  ultimate  strength  can  be  obtained  without  difficulty  in 
bridge  steel.   —Eng.  News,   Feb.   28,   1895. 

STEEL  Tests. 

See  TESTS. 
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STEEL,;  tlie  Influence   of  Vibration   on  . 

The  idea  that  soft  or  low  steels  suffer  less  is  erroneous. — R.  R.  Gaz.,  Oct. 
4,  1895,  p.  655. 

STEEL,  Thomas  Process  for  the  Manufacture   of  . 

Article  by  E.  Schroedter,  giving  historical  as  well  as  technical  informa- 
tion. — Ztsch.  Ver.  Ing.,  Jan.  19.  1S95. 

STORAGE  BATTERY. 

An  improved  storage  battery  made  by  the  Holt  Electric  Storage  Co.  Illus- 
trated.  — Eng.   Mech.,   Feb.,   1895. 

STONE. 

See  PAVING. 

STONE.  Bedford 

Its  qualities  and  value  as  a  building  stone,  methods  of  quarrying  and  gen- 
eral history.    60  pages,  profusely  illustrated.  —Stone,  Jan.,   1895. 

STONE,    Building   • 

Comparative  tests  of  sixteen  sandstone  and  limestone  blocks,  for  deter- 
mining weathering,  absorption  and  specific  gravity.  Methods  and  results. 
Illustrated.  Coles  A.  Raymond  and  Edward  W.  Cunningham.  — Eng.  News, 
Mar.  28.   1895. 

STONE  Crushing  Plant. 

The  works  for  crushing,  elevating,  screening,  storing  and  conveying  stone, 
recently  erected  on  the  Palisades  of  New  Jersey.  —Eng.  Rec,   Jan.  26,  1895. 

STREET   CAR  Running  Gear. 

Rigid  and  flexible  wheel  bases.  Their  claims  discussed,  and  the  special  ad- 
vantages of  the  maximum  traction  truck  shown,  with  editorial  comment. 
—Eng.  News,  Jan.  24,  1895. 

STREET  CAR  Wheels. 

Comparison  of  the  merits  of  different  kinds  of  wheels  for  street  railways. 
—St.  Ry.  Jour.,  April,  1895. 

STREET  CAR  Wheels. 

Metal  for  .    By  W.  E.  Partridge.    Illustrated.  —St.  Ry.  Jour.,  Feb.,  1S95. 

STREET  CAR  Wheels. 

The  practicability  and  desirability  of  a  standard  tread  and  flange.  Differ- 
ent types  used  by  different  companies.  Illustrated.  —St.  Ry.  Rev.,  Feb., 
1895,  et  seq. 

STREET  CARS. 

See  FENDERS. 

STREET  CARS  Propelled  by  Gas  Motors. 

Article  by  R.  Schottler,  in  which  the  "Gas  Street  Car  Railway"  of  the 
city  of  Dessau  is  described  and  illustrated. — Ztsch.  Ver.   Ing.,  Aug.  24,   1895. 

STREET  Cleaning. 

Cost  and  conditions  for  twelve  American  cities.  —Eng.  News.  April  11,  1895. 

STREET  Cleaning. 

General  consideration,  with  illustrations  drawn  from  the  experience  of 
Buffalo,  N.  Y.  —Municipality  &  County,  April,   1895. 

STREET   LIGHTING  by  Arc  Lamps. 

Specifications  used  for  Oswego,  N.  Y.,  as  prepared  by  "William  Pierson  Jud- 
son,  securing  the  rate  of  $81  per  lamp  per  year.  —Eng.  News.,  April  11,  1895. 

STREET   RAILWAY. 

Cable  street  railway  system  of  the  Columbia  Railway,  Washington,  D.  C. 
Illustrated.  —St.  Ry.  Jour.,  April,  1895. 

STREET  RAILWAY  Ambulance 

As  planned  by  Dr.  George  Homan,  Health  Commissioner,  and  in  regular 
service  on  a  St.  Louis  electric  line.  A  complete  illustrated  description.  —St. 
Ry.  Rec,  Jan.,  1S95. 

STREET  RAILWAY,  Cable   . 

The  Lexington  Ave.  system  of  the  Metropolitan  Street  Ry.  Co.,  New  York, 
which  is  designed  to  change  from  cable  to  underground  electric.  Illustra- 
ted. —St.    Ry.    Jour.,    Dec,    1895,    p.  777. 
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STREET  RAILWAY  Continuous  Rail. 

See  RAIL. 

STREET   RAILWAY.  Gas   Motor  for   . 

The  Luehrig as  used  in  Dresden  and    Dessan.    Illustrated.    Frederick   A. 

Kummer.  —Eng.   News,   Jan.  24,   1895. 

STREET  RAILWAY,  Rail  Joints  for   . 

Causes  of  low  rail  joints  and  their  prevention.  Description  of  grinding  ap- 
paratus to  reduce  high  rail  ends  to  uniformity.  N.  S.  Amstutz.  — St.  Ry. 
Gaz.,    Feb.   23,    1895. 

STREET    RAILWAY    Rails. 

Recent  sections  of  rails  and  splice -plates.  Six  illustrations  of  step  and  T- 
rails.   — R.  R.   Gaz.,  Mar.  22,   1895. 

STREET   RAILWAY,   Repair   Shops   for   . 

Description  of  the  shops  and  facilities  Of  the  Brooklyn  street  railway  com- 
panies. —St.  Ry.  Jour.,  July.  1895. 

STREET  RAILWAY  Statistics. 

Report  of  Massachusetts  Board  of  Railroad  Commissioners,  abstracted. 
Operating  expenses,  volume  of  traffic,  new  construction  and  other  data.  — 
St.  Ry.  Gaz.,  Mar.  30,  1895,  et  seq. 

STREET  RAILWAY  System  of  Boston. 

Organization,  construction  of  roadway  and  overhead  system,  and  illustra- 
tions of  rail  sections,  cars  and  power  plants.  —St.  Ry.  Jour.,  April,   1895. 

STREET  RAILWAYS. 

See  CABLE,  STREET  CARS,  ELECTRIC  BRAKES,  ENGINES,  WHEEL 
FLANGES. 

STREET  RAILWAYS  and  Suburban    Railways  in  Italy. 

Their  great  development  in  Northern  Italy,  with  description  of  roads,  rolling 

stock  and  maintenance.    Maps  and  illustrations.    P.    Amoretti.  — Proc.    Inst. 

C.   E.,  Vol.  119.    Lon.  Engineer,   March  22,  1895,  et  seq. 
STREET   SPRINKLING. 

See   WATER   WORKS   ASSOCIATION. 
STREETS,    Standard  Crowns  for   . 

Formulae  used  fbr  the  city  of  Omaha,    Neb.  — Eng.    News,    Dec.    26,    1895,    p. 

422. 

STRESS  in  Beams. 

Its  lines  studied  by  polarized  light.  Suggestions  by  Prof.  A.  Marston.  — 
Eng.  News,   Sept.  12,   1895,  p.  170. 

STRESS  in  Lateral  Bracing. 

The  effect  of  shear  upon  counters  having  an  initial  stress.  Professor  J.  B. 
Johnson.  —Eng.  News,  May  30,  1895,  p.  355. 

STRESSES    in    Swing    Spans    With    Four  Supports. 

Discussion   of   their  moments   as   given    by    formulae  in    "Modern    Framed 

Structures,"  with  correction.  W.  Whited  and  J.  W.  Schaub.— Eng.  News, 
Oct.  24,  1895,  p.  280. 

STRUCTURAL   ENGINEERING,    Courses   in  . 

See  ENGINEERING  EDUCATION. 

SUBMARINE    Pipe    Laying. 

A  twelve-inch  gas  main  laid  in  water  about  20  feet  deep,  at  New  York. 
Illustrated.  —Eng.    Rec.    Nov.    2,    1895,   p.   400. 

SUBWAY,    Electric    Railway    — •. 

Illustrated  description  of  the  Boston  Electric  Railway  subway.  Gives  plana 
and  details  of  construction.  — Elec.  Eng.,    June   12,    1895. 

SUBWAY  Specifications. 

See  SPECIFICATIONS. 

SURVEY,  Topographical   . 

The  State  survey  of  Minnesota.  Needs  of  such  surveys,  facilities  for  co- 
operation, and  work  so  far  accomplished  in  that  State.  Prof.  W.  R.  Hoag. 
—Jour.  Assn.  Eng.  Socs.,  Feb.,  1895. 
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SURVEY,  Topographical  . 

See   TOPOGRAPHY. 

SURVEYING. 

See  METERS.  BENCH  MARKS,  GEODETIC  SURVEYING,  LEVELING, 
CURRENT  METERS,  SOUNDING  BOAT,  TOPOGRAPHY,  TRANSIT, 
TRANSITION  CURVES. 

SURVEYING  and  Mapping  a  City. 

The  importance  of  accuracy.  Baltimore,  Md.,  and  Roanoke.  Va.,  cited.  C. 
H.  Rice.  —Eng.  Mag.,  Vol.  IX,  No.  6    p.    1066    (1895). 

SURVEYING,  Geodetic  . 

See   GEODETIC  SURVEYING. 

SURVEYING,  Photo  Topography  in  . 

Methods  of  the  Royal  Military  Geographical  Institute  of  Italy  and  of  the 
interior  Department  of  Canada,  with  historical  review  of  other  such  sur- 
veys and  publications  on  the  subject.  Extended  review  of  the  application  of 
photography  to  topography.  Part  2  of  Report  of  Supt.  of  the  U.  S.  Coast  and 
Geodetic   Survey   for  1892-3,   pp.   37-116. 

SURVEYING,    River  . 

An  approximate  triangulation  method  described  by  Walter  G.  Kirkpatrick. 
—Papers  of  Eng.  Assn.  of  the  South,  August,  1894. 

SURVEYS.  Hydrographic   . 

The  cost  for  eleven  river  and  harbor  surveys,  with  conditions  affecting  each, 
and  apportionment  of  expenditures.  Capt.  Wm.  M.  Black.  —Eng.  News, 
Jan.  10,  1895. 

SURVEYS,  Methods  of  Securing  Increased  Accuracy  in   Stadia    . 

The  investigation  of  causes  of  errors  in  stadia  surveys  by  observation  and 
experiment,  resulting  in  the  discussion  of  "boiling"  of  the  air,  and  the  effects 
of  differential  refraction.  Valuable  and  extended  research  showing  that  the 
accuracy  of  stadia  work  can  be  much  increased.  With  tables  and  diagrams. 
L.  S.  Smith.  —Eng.  News,  June  6,  1895,  pp.  364-7. 

SURVEYS  of  Rivers  by  Stadia. 

The  extension  of  the  stadia  system  to  the  location  of  soundings,  securing 
increased  efficiency,  economy  and  frequently  greater  accuracy.  J.  L.  Van 
Ornum.  —Jour.  Assn.  Eng.  Socs.,  March,  1895.  Abstract,  Eng.  Rec,  Feb.  9, 
1895. 

SURVEYS,   Topographical   . 

See  TOPOGRAPHICAL  MAP. 

SWITCHBOARD.   Electric   . 

Illustrated  description  of  an  economical  series  street-lighting  switchboard. 
— Elec.  Engr.,  Dec.  26,  1S94. 

SWITCHBOARD.  The  Evolution  of  a 

History  of  the  necessity  and  growth  of  the  switchboard,  its  necessary  capa- 
bilities and  numerous  forms,  and  lines  of  probable  future  development.  Lec- 
ture at  the  University  of  Wisconsin  by  Arthur  Vaughan  Abbott.  — Bulletin, 
University  of  Wis.,  1894,  No.  4. 

TECHNICAL,   SCHOOLS.   German  . 

See  ENGINEERING  EDUCATION. 

TELEPHONE 

A  new  wire  core  telephone  brought  out  by  Herr  W.  Ohnesorge,  of  Frankfort, 
Germany.    Illustrated.  —Elec.    Eng.,  Jan.  16,  1895. 

TELEPHONE. 

Communication  for  Light  Ships.  Short  article,  giving  method  employed 
by  Prof.  Lucien  I.  Blake.  —Elec.  Engr.,  March  20,  1895. 

TELEPHONE   System. 

The    Auto-Telephone    System.    Illustrated.  —Elec.   Eng. 

TELEPHONE.   The   Long   Distance . 

The  gradual  growth  of  the  telephone;  following  advancing  electrical  re- 
search, and  the  battery  transmitter,  making  possible  the  long  distance  tele- 
phone.   F.  W.  Dunbar.  —Elec.  World,  Jan.  12,  1895. 
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TELEPHONE.  The   Switchboard  . 

See  SWITCHBOARD. 

TEMPERATURE  and  its  Effects  on  Railroad  Axles  and  Rails. 

Very  high  and  low  temperatures  injurious.  Thomas  Andrews.  — Lon.  Eng., 
July  5,  1S95,  p.  22. 

TEMPERATURE   Effects   on   Iron   and  Steel. 

See  IRON  AND   STEEL. 

TESTING  Building  Material. 

Switzerland's  station  for  making  tests,  by  competent  specialists,  of  ma- 
terial sent  to  it,  and  for  prescribed  fees.  — U.  S.  Consular  Reports,  April, 
1895. 

TESTING  Building  Stone. 

See  BUILDING  STONE. 

TESTING  MACHINE. 

A  cheap  transverse  testing  machine  and  some  results  obtained  by  it.  Il- 
lustrated. —Am.  Mach.,  Feb.  7,  1895. 

TESTING  MACHINE. 

New  testing  machines  and  strain  diagrams  of  the  Riehle  Co.  Illustrated. 
— Engr.  Mech.,  Feb.,  1895. 

TESTING  MACHINES,  Emery  . 

Article  by  Prof.  Martens,  describing  in  detail  the  various  emery  testing 
machines  made  by  William  Sellers  &  Co.,  Philadelphia.  The  article  is  beau- 
tifully illustrated  and  gives  much  information  not  easily  obtainable  other- 
wise. — Ztsch  Ver.   Ing.,    March  2,   1895. 

TESTS. 

See  CEMENT,  ASPHALT,  BOILER,  CAST  IRON,  COAL,  CORROSION, 
FIREPROOFING,  HEATING,  ELECTRIC  RAILWAY,  EMERY  WHEELS, 
ENGINES,  INCANDESCENT  LAMPS,  IRON,  IRON  AND  STEEL,  PAV- 
ING BRICK,  SCREWS,  SCREW  THREADS,  SEWER  PIPES,  STEAM, 
STEAM  ENGINE,  STEEL,  FLOORS,  TIMBER,  TRAINS,  TURBINE, 
WATER  METERS,  WOOD,  WROUGHT    IRON. 

TESTS,  Fireproofing  . 

Comparative  tests  of  seven  different  materials  of  construction.  Details  and 
results.  —Am.  Arch.,   Sept.   7,   1895,  p.  99. 

TESTS  of  a  Cast  Iron  Conduit. 

The  hydraulic  testing  of  the  pipe,  10  miles  long,  carrying  the  water  supply 
of  Waterbury,  Conn.  The  tests  were  made  with  the  pipe  in  place,  but  be- 
fore backfilling.    Illustrated.    R.    A.  Cairns.  —Eng.    Rec,    April    20,    1895. 

TESTS  of  Floor  Arches. 

See  BUILDING  CONSTRUCTION. 

TESTS  of  Materials   ofr  Metallic  Structures. 

Important  and  very  valuable  report  of  committee  to  the  American  Society 
of  Civil  Engineers  on  uniform  methods  of  tests  and  on  requirements  for 
improving  the  grade  of  cast  iron,  wrought  iron,  rolled  steel  and  steel 
castings;  also  international  standards  for  analysis  of  iron  and  steel. 
—Trans.  A.  S.  C.  E.,    Tan.,  1895. 

TESTS  of  Paving  Brick. 

See  PAVING  BRICK. 

TESTS  of  Pipe  Coverings. 

See  PIPE  COVERINGS. 

TESTS    of   Sewer  Pipes. 

See  SEWER  PIPES. 

TESTS   of  Steel. 
See   STEEL. 

TESTS;  Steam  and   Hydraulic   . 

Tests,  at  Massachusetts  Institute  of  Technology,  of  ejectors,  pulsometers. 
duplex  Blake  pump,  belt  machine,  injector,  inspirator,  condenser,  hy- 
draulic ram,  and  boilers.  With  tables.— Tech.  Quart.,  Vol.  VIII,  No.  1,  p. 
19  (1895). 
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THEATRES. 

Three   papers   as   follows,   by  Wm.  Paul  Gerhard,  C.  E. : 

1.  The  Essential  Conditions  of  Safety  in  Theatres:  An  essay  on  modern 
theatre  planning,  construction,  equipment,  and  management.  — Am.  Arch., 
June  23,  July  7,  14,  21,  1894. 

2.  The  Water  Service  and  Fire  Protection  of  Theatres.  Paper  prepared  for 
annual  meeting,  June  14,  1895,  of  New  England  Water  Works  Association. 
Published  in  abstract  in  Jour.  N.  E.  W.  Asso.,  Dec,  1894.  Published  in  full 
in  Fire  and  Water,  from  Sept.  15,  1894,  et  seq. 

3.  Theatre  Fire  Catastrophes  and  Their  Prevention.  Paper  prepared  for 
the  annual  meeting  at  Montreal,  Aug.  8,  1894,  of  International  Assn.  of  Fire 
Engrs.    Printed   in    full    in   Annual  Report  of  Proceedings  of  that  Assoc,  for 

1894.  Printed  in  full  in  Sci.  Am.  Sup.,  Oct.  27  and  Nov.  3,  1894.  Printed  in 
full  in  Fire  and  Water,  from  Nov.  17,  1894,  et  seq. 

TIE  PLATES,  Metal   . 

Comparative  merits  of  the  G"oldie.  Servis  and  the  Church  ward.  — Eng. 
News,  Sept.  12,  1895,  p.  164. 

TILE    FLOORS. 

See  FLOORS. 

TIMBER. 

See  TRESTLES,   BRIDGES,  WOOD. 

TIMBER,  Its  Properties  and  Charaete  .Isties. 

Valuable  general  discussion  of  the  structure,  appearance,  weight,  shrink- 
age, mechanical  and  chemical  properties  of  wood,  its  durability  and  decay, 
the  effects  of  moisture,  the  tests  of  wood  in  different  ways  with  practical 
conclusions.  Also  methods  of  distinguishing  different  kinds  of  woods  with 
key,  and  list  of  more  important  woods  of  the  U.  S.  — Bulletin  No.  10,  U.  S. 
Department   of  Agriculture   (1895). 

TIMBER   Preservation. 

Methods  and  appliances.  Its  usefulness,  and  field  covered.  Illustrated.  — 
Ry.  Engr.,  June,  1S95,  p.  181. 

TIMBER  Preservation. 

The  creosote  process  as  applied  to  ties  in  France.  — R.  R.  Gaz.,  April  5,  1895. 

TIMBER  Preservation. 

The  vulcanizing  process  for  strengthening,  preserving  and  otherwise  im- 
proving timber.— R.   R.    Gaz.,   Oct.   11,  1S95,  p.  666. 

TIMBER  Preserving   Methods   and   Appliances. 

The  portable  wood-preserving  plant  of  the  Southern  Pacific  Railroad.  Creo- 
soting.  burnettizing  and  other  treatment.  With  discussion.  Illustrated.  W. 
G.    Curtis.  — Jour.   Ass'n  Eng.    Socs.,  Vol.  XV,  No.   1.  pp.   1-25  (1895). 

TIMBER  Splice. 

As   used   for  splicing   chord   members  of  Howe  trusses  up  to  250  ft.  length 

on    the    Southern    Pacific    in    Oregon.  Illustrated.— Sci.    Am.    Sup.,    Oct.    12, 

1895,  p.  16,491. 

TIMBER  Tests. 

Results  of  experiments  at  McGill  University,  Montreal,  on  the  strength  of 
Canadian  Douglas  fir,  red  pine,  white  pine  and  spruce.  An  important 
contribution  to  literature  on  this  subject.  Illustrated.  Henry  T.  Bovey. 
With  expert  discussion.  —Trans.  Can.  Soc.  C.  E.,  Vol.  IX,  Part  I,  pp.  69- 
236  (1S95). 

TIMBER  Tests. 

Transverse   tests   of   strength   of   the  Douglas  fir,  by  Prof.    Chas.    B.   Wing. 

—Eng.  News,  March  14,  1S95. 

Criticism   by   Prof.    J.    B.    Johnson.  —Eng.   News,    March  28,    1895. 

TIMBERS;    Bridge   and   Trestle   . 

The  best  practice,  and  recommended  practice  in  considering  the  strength  of 
timbers.  Valuable  summary  of  experiment  and  experience. — R.  R.  Gaz., 
Oct.  25,   1895,   p.  702;  Eng.   News,   Oct.  24,  1895,  p.  272. 
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TIMBERS,   Bridge   and  Trestle  • 

The  best  practice,  and  recommended  practice  in   Considering  the  strength   of 
timbers.     Valuable    summary   of   experiment    and     experience.  — Eng.     Rec, 
Nov.  2,  1895,  p.  401;  Sci.  Am.  Sup.,  Nov.     23,     1895,     p.     16588;      Am.    Arch., 
Nov.  30,  1S95,  p.  102. 
TOPOGRAPHICAL,  Map  of  the  United    States. 

The  subject  as  viewed  from,  the  standpoint  of  the  U.  S.  Geological  Survey. 
With  illustrative  maps.  Herbert  M.  Wilson.  —Trans.  A.  S.  C.  E.,  "Vol. 
XXXIII,  No.  5,  p.  405  (1895). 

TOPOGRAPHICAL    Survey. 
See    SURVEY. 

TOPOGRAPHICAL  SURVEY  and  Photography. 

See    SURVEYING. 

TOPOGRAPHY  on   the  Survey  of  the   Mexico-United    States    Boundary, 

The  stadia  system  used,  with  results.  Details  of  refinements  used  to 
give  greater  accuracy  than  ordinary  methods  would  give.  Topography  by 
intersection.  Adaptation  of  methods  to  all  classes  of  country  over  a  total 
area  of  1700  square  miles.  With  discussion.  J.  L.  Van  Ornum.  —Trans.  A. 
S.   C.  E.,   Vol.  XXXIV,   No.  4,  pp.  259-284  (1895). 

TOWER,   The    Blackpool   . 

Details  of  this  English  metallic  structure  erected  for  purposes  of  recreation 
and  recently  completed.  Height,  500  feet.  Illustrated  serial.  —Don.  Eng., 
May  24,  1895,  p.  660,  et  seq. 

TRACK. 

See    RAILROADS,    ELECTRIC    RAILWAY. 

TRACKLAYIXG  by  Machinery. 

Accounts  of  the  Holman,  the  Harris  and  the  Roberts  tracklaying  machines, 
with  railroads  that  have  used  them,  and  their  records;  with  editorial  com- 
ment. —Eng.   News,  Jan.  3,   1895. 

TRACTION  of  Boats. 

See  BOATS. 

TRAIN  Resistance. 

Dynamometer  tests,  by  M.  Du  Bousquet,  on  French  railroads.  Results  cor- 
respond  closely   to   the   formula: 

V- 

E  =  -1 -f  2. 
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Editorial  comment.— R.    It.    Gaz.,    March  8,  1S95. 

TRAIN  Resistances. 

Experiments  by  M.  Du  Bosquet  in  France.  Diagrams  showing  effect  of 
gradients  and  of  increased  speed  on  traction  power  of  locomotive.  — Lon. 
Engineer,  Feb.   15,   1895. 

TRAINS.  Resistance  of  . 

Article  by  C.  W.  MacCord,  comparing  formulae  for  train  resistance,  and  ap- 
plying same  to  the  Empire  State  Express.  — Am.  Mach.,  Dec.  20,  1894. 

TRAINS,  Resistance  of  . 

Results  of  experiments  made  by  Mons.  Du  Bousquet  to  determine  the  re- 
sistance of  trains  at  different  speeds  and  on  different  grades.  — Ry.  E.  & 
M.,    April,    1895. 

TRANSIT,   Micrometer   Attachment   for  the   . 

Details  of  device  to  secure  readings  of  vertical  angle  to  the  nearest  record. 
W.    T.    Thompson.  —Trans.    Can.    Soc.  C.  E.,  Vol.  IX,  Part  I,  p.  305  (1895). 

TRANSITION  CURVES. 

Illustrations,  tables  and  extensive  discussion.  Edwin  E.  Woodman.  —Jour. 
Assn.  Eng.  Soc,  Dec,  1894. 

TRANSMISSION  of  Power. 

See  ELECTRIC   TRANSMISSION. 
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TRANSPORTATION  of  Heavy  Cables 

Lengthy  description  of  different  methods  used  on  city  streets.  Illustrated. 
—Eng.  Rec,  Aug.  17,  1895,  p.  202. 

TRESTLES. 

See  BRIDGES. 

TRESTLES   Replaced  by  Embankments. 

Progress  of  work  on  the  Canadian  Pacific  Railway,  with  methods  and  details. 
Illustrated.  P.  A.  Peterson.  With  editorial  comment.  —Eng1.  News.,  Nov. 
28,  1895,  pp.  364  and  361. 

TRESTLES,  Timber   . 

The  best  arrangement  of  longitudinal  bracing.  Standard  forms  used  by 
the  Norfolk  and  Western  Railroad  considered.  M.  E.  Yeatman.  Illustrated. 
Jour.  Ass'n  Eng.  Socs.,  April,  1895,  p.  347.     R.  R.  Gaz.,  Sept.  13,  1895,  p.  603. 

TRUSS  Calculations. 

Stresses  of  superfluous  members  considered  by  Max  am  Ende.  — Lon. 
Engineer,  Feb.  1  and  15,  1895. 

TRUSS  Erection. 

The  trusses  of  the  Rocky  River  "Viaduct,  near  Cleveland,  Ohio,  erected  by 
raising  them,  complete,  from  the  ground  on  towers  from  40  ft.  to  80  ft.  high. 
Illustrated.  Eng.    News.    Oct.   31.    1895,  p.  290. 

TRUSSES,   Stresses   in 

Illustrated  article  by  Malverd  A.  Howe,  showing  method  of  determining 
maximum  moments  and  shears,  in  trusses  with  parallel  chords,  by  graph- 
ics. —Eng.  Mech.,  April,  1895. 

TUNNEL,  Blackball   ,  London,  England. 

History,  design  and  leading  features,  with  details  of  construction  to  date. 
External  diameter,  27  feet,  lined  with  cast  iron,  driven  forward  by  the  use 
of   a  shield.    Abstract.    Illustrated.  •  -Eng.  Rec,  March  23,   1895. 

TUNNEL,   Cable  Railway  . 

See  CABLE  RAILWAY   TUNNEL. 

TUNNEL  Construction  and  the  Hudson  River  Accident. 

The  accidents  caused  by  using  compressed  air,  and  details  of  this  pioneer 
work  and  its  progress.  —Eng.   Rec,  Aug.  17,  1895,  p.  208. 

TUNNEL  Shield. 

That  of  the  Blackwell  tunnel,  England.  Illustrated.  —Eng.  News,  Aug.  22. 
1895,  p.   115. 

TUNNEL,   The  Blackwall   . 

History  of  this  important  work  and  details  of  its  execution.  Diameter,  27 
feet.  Maurice  Fitzmaurice.  Illustrated.  — Sci.  Am.  Sup.,  Aug.  24,  1895,  p. 
16,384. 

TUNNEL;   The  East  River   Gas . 

Interesting  description  of  this  work  of  magnitude  and  difficulty  on  account 
of  passing  from  rock  to  soft  earth  and  vice  versa.  Details  of  the  plans  of 
construction.  Illustrated.  Walton  I.  Aims.  —Sci.  Am.  Sup.,  Aug.  3,  1895,  p. 
16,332. 

TUNNEL;  The  East  River  Gas   . 

Particulars  of  the  construction  of  this  important  half-mile  tunnel.  Inter- 
esting features  concerning  the  use  of  the  shield  in  passing  from  soft  mate- 
rial to  rock  and  vice  versa;  broken  joints  in  the  lining;  assembling  the 
shield  inside  the  air  lock.  &c  Illustrated.  Walton  I.  Aims.  —Eng.  News, 
July  11,  1895,   pp.   19-22. 

TUNNEL,  The  East  River  Gas   . 

The  supposed  rock  tunnel  proving  to  lie  for  a  considerable  distance  through 
decomposed  rock,  necessitating  the  use  of  compressed  air.  Details  of  the 
work.  Walton  I.  Aims.  —Jour.  Assn.  Eng.  Socs.,  Vol.  XIV,  No.  5,  p.  409 
(1895). 

TUNNEL;  The  New  Baltimore  and  Ohio   Railroad . 

E.   W.  W.  Assn.,  Vol.  IX,   No.  4,  p.  130. 
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TIXXEL;   tlie   Newhouse  . 

Plans  and  work  on  this  mining  tunnel  at  Idaho  Springs,  Colorado.  Illus- 
trated.   Arthur   Lakes.— Eng.    Mag.,  Vol.  X,  No.  1,  p.  49  (1895). 

TIXXEL,   Tlie   Ontario   Drainage   . 

See  DRAINAGE  TUNNEL,. 

TURBINE,  Tlie  Pelton. 

Article  describing  and  illustrating  various  installations  of  this  class  of  tur- 
bines. The  illustrations  are  very  good  and  show  many  details.  —  Prktsch. 
Msch.  Knstr.,  March  2S,  et  seq. 

TUNNEL.  Tlie  Simplon   . 

Full  and  interesting  account,  giving  alignment,  profiles,  water  power  instal- 
lation, ventilation,  contract  and  mode  of  construction  of  this  double  tunnel, 
12^4  miles  in  length.  — Sci.  Am.  Sup.,  Jan.  12,  1895.  Lon.  Engineer,  Jan.  4, 
1895,  et  seq. 

TIXXEL,  tlie  Thames   at  Blaekwall. 

History  of  the  movement,  design  and  leading  features  of  the  work,  and  de- 
tails and  account  of  construction  to  date.  External  diameter  of  tunnel,  27 
feet,  lined  with  cast  iron,  driven  forward  by  use  of  a  shield.  —Lon.  Eng., 
Jan.  4,  1895,  et  seq. 

T'JNXEL    Timbering:. 

Conditions  and  methods  used  in  the  Ampthill  Second  tunnel,  England. 
E.   E.    Matheson.—  Proc.    Inst.   C.   E.,  Vol.  CXX,  p.  335  (1895). 

TURBINE;   How  to  Test  a  . 

Method,  apparatus  and  its  arrangement.  Illustrated.  Samuel  "Webber. 
— Cassier,   Vol.  8,   No.  6,   p.  605   (1S95);  Elec.  Rev.,  Oct.  18,  1895,  p.  477,  et  seq. 

TURBINES   Driving:  Electric  Railway  Generators. 

Their  field  of  usefulness,  the  problem  governing  them,  and  its  solution.  Il- 
lustrated from  practical  experience  by  Mark  A.  Replogle.  —St.  Ry.  Rev., 
Jan.,  1S95. 

UNDERGROUND    RAILWAY,   Electric   . 

See  ELECTRIC   RAILWAY. 

UXDERGROUND   RAILWAY,   Electric  . 

See  ELECTRIC  RAILWAY. 

UNDERGROUND  RAILWAY. 

See   ELECTRIC    RAILWAY,    RAILROADS. 

UNDERGROUND    RAILWAY    of   Glasgow   , 

Methods  used  in  tunneling  through  earth  and  rock,  and  the  proposed 
equipment.  Length  of  line,  6%  miles.  Illustrated.— Sci.  Am.  Sup.,  Oct.  5, 
1895,  p.   16,474;  Proc.  Inst.  C.   E.,  Vol.  CXXII,  p.  355  (1S95). 

UNDERPINNING  a  Bridge  Pier. 

See  BRIDGE  PIER. 

UNDERPINNING   a   Heavy  Foundation. 

The  constantly  settling  High  Court  Buildings  of  Calcutta,  India,  under- 
pinned by  driving  horizontal  piles  beneath  the  foundations.  — Ind.  Engng., 
Dec.  29,    1894.    Eng.   News,   April  4,  1S95. 

UNDERPINNING  a  Heavy  Foundation. 

The  constantly  settling  High  Court  Buildings  of  Calcutta,  India,  under- 
pinned by  driving  horizontal  piles  beneath  the  foundation.  —Ind.  Engng., 
Dec.  29.   1894. 

UVITS  OF  MEASURE.  A  Proposal  forAbsolute   . 

An  exhaustive  article  by  M.  Grubler,  based  on  the  metrical  system,  but  of 
interest  to  every  engineer  who  has  felt  the  want  Of  a  thorough  revision 
of  the  system  of  units  of  measure  now  in  use.  — Ztsch.  Ver.  Ing.,  Dec.  15, 
1895. 

VALVE-GEAR,   The   "Buckeye"   . 

A  detailed  description  of  the  valve-gear  used  by  the  Buckeye   Engine   Co., 
by  Albert  K.  Mansfield.  —Trans.   A.  S.   M.    E.,    Vol.   XV. 
33 
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VALVE   GEAR.     With   Double   Exhaust  Port. 

Article  by  F.  J.  Weiss  describing  a  new  kind  of  valve,  in  which  the  bal- 
ancing of  the  steam  pressure  is  obtained  by  a  very  ingenious  construction. 
The   article   is   well   illustrated.— Ztsch.   Ver.   Ing.,   June  29,   1S95. 

VALVES.  Automatic   . 

Water  pipe  syphon  valves  designed  to  act  in  case  of  accident  to  the  sy- 
phons. Details  of  their  construction  on  the  Thirlmere  water  supply  for 
Manchester,     England.    Illustrated.  — Eng.  Rec,  Jan.  19,  1895. 

VALVES,  Proportions  and  Movement  of  Slide   . 

A  paper  by   W.   D.    Wansbrough.  — Mech.  World,  March  22,   1895,  et  seq. 

VALVES,  Steam  Reducing . 

A  series  of  articles  describing  the  action  of  various  reducing  valves.  — Prac. 
Eng.,   Oct.  11,  1895,  et    seq. 

VENTILATING  and  Heating:. 

See  HEATING. 

VENTILATION  of  Buildings. 

Report  to  Michigan  State  Board  of  Health  by  John  H.  Kellogg,  M.  D.  Gen- 
eral considerations  and  suggested  practice.  — Am,   Arch.,   March  30,   1895. 

VENTILATING    and    Heating. 

See   HEATING. 

VENTILATION    of   Separate    Sewerage   Systems. 

See  SEWERAGE    SYSTEMS. 

VIADUCT,   The   Pecos   . 

Valuable  account  of  this  important  Work  for  improving  the  alignment  of 
the  G.  H.  &  S.  A.  R.  R.  in  Texas.  This  viaduct  is  one  of  the  boldest  yet 
built,  being  2180  ft.  long  and  321  ft.  above  water.  Fully  illustrated.  Ju- 
lius  Kruttschnitt.  —Papers   of    Eng.  Assn.  of  the  South,  Aug.,  1894. 

VISE  Planer   . 

New  universal  planer  vise  made  by  Chase  Machine  Works,  Plainfleld, 
N.  J.    Illustrated.    Am.  Mach.,  Feb.  28,    1895. 

WALLS;   Retaining   . 

The  failure  of  some  walls  in  Montreal,  with  details  of  their  design  and 
causes  of  failure.  Illustrated.  H.  Irwin.— Trans.  Can.  Soc.  C.  E.,  Vol. 
VIII,   No.  2,  p.  23S  (1S94). 

WATER,  Bacteria  and  Other  Organisms   in . 

Examination  of  the  water  supply  of  Cincinnati,  Ohio,  drawn  from  the  Ohio 
River,  to  determine  the  kinds  of  micro-organisms    found    and    the    efficiency 
of  the  filters.    With  discussion  and  correspondence.      Illustrated.      John    W. 
Hill.  —Trans.  A.  S.  C.  E.,  Vol.  XXXIII,  No.  5,  p.  423  (1S95). 
WATER   Consumption. 

Gallons  used  per  capita  by  different  classes  of  consumers  for  domestic  use 
in  six  cities.    Municipality  and  County,  March,  1895. 

WATER   Consumption. 

How  to  reduce  it.  J.  C.  Haskell.  —Jour.  N.  E.  W.  W.  Assn.,  Vol.  IX,  No.  4, 
p.  231  (1895). 

WATER   Cooling. 

Design  of  an  economical  and  efficient  apparatus  for  cooling  water  rfom 
near  the  boiling  point  to  a  temperature  of  perhaps,  50  degrees  F.  Exam- 
ples of  One  having  a  capacity  of  200  gallons  per  min.  built  for  $320.  By 
Carl  Henrich.  —Eng.    News,   March  21,  1S95. 

"WATER   Discharge   Recorder   for   Weirs. 

See  WEIRS. 

WATER  FILTER  at  Pittsburg,  Pa. 

An  experimental  filter  made  Of  expanded  metal  and  concrete  for  testing  the 
efficiency   of  sand   filtration.    Illustrated.  —Eng.   News,    Dec.    12,    1895,  p.   390. 
WATER  Filtration. 

See   FILTRATION. 
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WATER  Filtration  and  Purification 

The  City  of  Magdeburg.  An  article  by  E.  Grahn,  describing-  the  processes 
used.  Fully  illustrated  and  quite  exhaustive.  —Jour.  f.  Gasb.  u.  Wasserv, 
Feb.   9.    1S95,    et   seq. 

WATER,   Flow  of   . 

See  FLOW. 

WATER,  Flow  of  . 

The  economic  velocity  of  transmission  of  water  through  pipes,  with  formulae 
and  tables.     Geo.   W.   Tuttle.  — Eng.  Rec,  Sept.  7,  1895,  p.  258. 

WATER  MAINS;  Flow  in  Sewers  anil   . 

W.    S.    Crimp   and   C.   E.    Bruges   propose  a  new  formula.— Proc.  Inst.  C.  E., 
Vol.   CXXII,   p.    19S   (1S95). 

WATER  MAINS,  Moving    . 

Method  used  in  dropping  two  36-inch  mains  2  feet  on  Broadway,  New  York 
City.  Illustrated.  E.  C.  Moore.  With  discussion.  —Trans.  A.  S.  C.  E.,  Vol. 
XXXIV,  No.  6,  pp.  532-541  (1895). 

WATER  Measurement. 

Report  to  Montana  Society  of  Civil  Engineers  by  A.  M.  Ryon,  recommend- 
ing that  water  be  measured  only  in  terms  of  cubic  feet  per  second;  and 
that  in  adjusting  claims  where  the  miner's  inch  is  the  unit,  one  cubic  foot 
per  sec.  be  taken  as  equivalent  to  40  miner's  inches.  —Jour.  Assen.  Eng. 
Socs.,  Jan.,  1895. 

WATER  Measurement. 

Report  to  Montana  Society  of  Engineers  by  A.  M.  Ryon,  recommending 
that  water  be  measured  only  in  terms  of  cubic  feet  per  second;  and  that 
in  adjusting  claims  where  the  miner's  inch  has  been  the  unit,  one  cubic 
foot  per  second  be  taken  as  equivalent  to  40  miner's  inches.  — Jour  Assn. 
Eng.  Socs.,  Jan.,   1895.    Eng.  News,  April  11,  1895. 

WATER  MEASUREMENT. 

See  METERS,   WEIRS. 

WATER  Measuring. 

Lecture  by  Clemens  Herchel  before  the  Rensselaer  Polytechnic  Institute, 
History  and  modern  methods.  —Polytechnic,    March,    1895. 

WATER  METERS,  Testing  . 

Methods  suggested  for  rating,  with  details.  Illustrated.  John  Thomson.— 
Eng.  News,  Sept.  19,  1895,  p.  182;  Eng.   Rec,   Sept.   28,   1895,   p.  313. 

"WATER  PIPE,   Riveted    . 

Serial  giving  material,  construction,  methods  and  advantages  as  used  in  the 
United  States.    Harold  Jeans.  —Eng.  Rev.,  May,  1895,  p.  357,  et  seq. 

WATER    POWER. 

The  utilization  of  water  power  in  California.  By  George  Hele.  Illus- 
trated. — Elec.   Engr.,  Feb.   13,   1895. 

WATER  POWER  and  Steam. 

See  STEAM. 

WATER  POWER  Development. 

The  proposed  works  at  the  Great  Falls  of  the  Potomac.  Illustrated. —Eng. 
News.  Sept.  12,  1895,  p.  164. 

WATER   POWER,    Niagara   . 

See   WATER  WORKS   ASSOCIATION. 

WATER  POWER  of  Great  Falls,  Montana. 

Development  of  the  power  and  description  of  the  works.  Illustrated.  — 
Eng.   Rec,   March   16.   1895. 

WATER  POWERS  of  tlie  Western  States. 

The  great  field  unoccupied,  and  some  of  the  utilized  water  powers.  Plants 
at  Gothenburg,  Kearney,  Ouray,  Aspen  and  other  places.  Illustrated.  A. 
G.  Allan.  —Eng.  Mag.,  April,  1895. 
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WATER  Pumping. 

Cost  of  operation  and  maintenance  in  seven  cities  of  the  United  States, 
with  that  in  Chicago  especially  considered.  Samuel  G.  Artingstall.  —Eng. 
News,  May  30,  1895,  p.  358. 

WATER  PURIFICATION. 

A  lecture  delivered  before  the  Franklin  Institute  by  Rudolph  Hering.  — 
Jour.   Frank.   Inst.,   Feb.,   1895,   et  seq. 

WATER   Purification. 

The  removal  of  iron  by  aeration  and  filtration  from  ground  water  at  Char- 
lottenburg.  — Bng.   News,   Sept,  5,   1895,   p.   147. 

WATER  Purification   . 

The  sand  washing  for  the  filters  of  Hamburg,  Germany.  Illustrated.— 
Eng.  Rec,  Oct.   19,  1895,  p.  368. 

WATER  Rights  in  Wyoming, 

Their  determination  and  limitations,  record  of  work  done  in  1S93-4  by  the 
State  Engineer,  problems  and  rulings  of  the  State  Board  of  Control,  state- 
ment of  unused  land  and  water  of  the  State,  and  recommended  laws  and 
rules.  Valuable  and  useful  report  showing  the  progress  on  these  questions. 
Elwood   Mead.  —Report    of    State    Engineer  of  Wyoming,  1894. 

WATER   SUPPLIES,  The  Problem   of  Pure  . 

General  consideration  in  its  various  aspects.  Rudolph  Hering.  — Eng.  Mag., 
Vol.  IX,  No.  3  (1895),  p.  450. 

WATER  SUPPLIES,   Investigation  of   ■. 

The  determination  and  bearing  of  the  purity  of  public  water,  with  sugges- 
tion of  best  methods  of  investigation.  Floyd  Davis.  — Eng.  Mag.,  Vol.  X, 
No.  3,  p.  439. 

WATER   SUPPLY. 

A  graphical  method  of  representing  adequacy  of  supply  for  the  demand  in 
any  given  set  of  conditions.  Illustrative  diagram.  James  L.  Greenleaf.  — 
Eng.    News,    April  11,    1895. 

WATER  SUPPLY. 

See    WATER    WORKS    ASSOCIATION. 

WATER  SUPPLY  and  Sewage. 

Most  valuable  and  extended  investigation  into  the  chemical  and  bacteriolo- 
gical questions  affecting  the  purity  of  water  supply  in  the  way  of  investi- 
gating the  properties  of  natural  waters  and  methods  of  keeping  them  from 
contamination.  Reports  containing  results  and  application  of  principles  de- 
rived from  long  continued  experiments.  —26th  Annual  Report  of  Mass. 
State  Board   of  Health   (1895). 

WATER  SUPPLY  as  Affected  by  Temperature   of  Surface  Waters. 

General  consideration,  with  especial  attention  to  the  effect  of  different  tem- 
peratures on  the  growth  of  micro-organisms.  George  C.  Whipple.  —Jour.  N. 
The  route  at  Baltimore,  electric  loc  202  (1895). 

WATER  SUPPLY,  Boston  Metropolitan   .    The  Proposed  . 

Full  and  valuable  account  of  proposed  plans.  Population  and  consump- 
tion to  be  provided  for,  and  comparison  of  available  sources.  Choice  of 
South  Branch  of  Nashua  River.  Proposed  dam,  dikes,  aqueducts  and  res- 
ervoirs. —Eng.    News,    March    7,    1895;  Eng.  Rec,  March  2,  1895. 

WATER   SUPPLY   Conduit. 

The  new  steel  and  masonry  conduit  of  Rochester,  N.  Y.  Full  and  valuable 
details  of  pipe  and  the  laying,  with  gate  house,  air  valves,  blow-offs  and 
the  new  japanning  process  used  in  a  part  of  the  pipe.  Illustrated.  —Eng. 
News,   April   11,    1S95. 

WATER  SUPPLY  for  Boston,  Mass. 

Complete  discussion  of  the  question,  including  present  and  probable  future 
demands,  present  supply,  possible  future  sources,  detailed  description  of  the 
proposed   Nashua   River   supply,    plans    for    improvement    of    the    Sudbury 
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River  water,  amount  and  character  of  organic  matter  in  soils,  and  chem- 
ical analysis  of  waters.  Fully  illustrated  by  maps,  plans  and  diagrams.  — 
Report   of  Mass.    State   Board   of  Health,  Feb.,   1895. 

WATER  SUPPLY  for  Liverpool. 

The  Lake  Vyrnwy  supply,  with  general  description  and  dimensions  and 
cost  of  dam.    Thomas  M.  Drown.  —Jour.  Assn.  Eng.  Socs.,  Feb.,  1895. 

WATER  SUPPLY  of  Belfast,  Ireland. 

Report  of  the  water  commissioners  on  seven  possible  sources,  and  selec- 
tion of  the  Mourne  Mountains,  which  are  about  forty  miles  from  Belfast. 
— Lon.  Engineer,   March  22,   1S95. 

WATER  SUPPLY  of  Oakland,  Cal. 

Artesian  wells  for  low  service  and  tunnels  in  coast  range  for  the  high  ser- 
vice. Details  of  supply  and  pumping  plant.  Illustrated.  Eng.  Rec,  June  15, 
1895,  p.  41. 

WATER  SUPPLY  of  the  City  of  Rome. 

A  discussion  of  the  II  books  of  Frontinus  on  the  water  supply  of  the  an- 
cient city,  and  a  study  of  the  old  aqueducts.  Clemens  Herschel.  — Eng.  Rec, 
Jan.  5,  1895,   et  seq. 

WATER  SUPPLY  of  Various   European    Cities. 

Sources,  works  and  systems,  with  copious  comments  and  valuable  sugges- 
tions.      Allen    Hazen.  —Jour.    Ass'n.   Eng  Socs.,   Feb.,   1895. 

WATER   SUPPLY  of  Waterhury,  Connecticut. 

Paper  by  R.  A.  Cairns  for  the  Rensselaer  "Polytechnic."  —Eng.  Rec,  July 
27,  1895,  p.  150. 

WATER  SUPPLY,  Purity  of  . 

The  growth  of  diatoms  in  ponds  and  reservoirs  and  their  causes.  Deeper 
bodies  of  water  seem  to  have  two  distinct  seasons  of  rapid  growth — spring 
and  autumn — when  occurs  a  vertical  circulation  of  the  water,  and  the  pres- 
ence of  air  and  nitrates  favor  the  growth.  A  result  of  investigations  favors 
removal  of  surface  soils  from  reservoir  sites.  George  C.  Whipple.  — Tech. 
Quart.,    Oct.,   1894. 

WATER   SUPPLY:   The  Aliquippa . 

Water  pumped  from  the  Ohio  River,  and  the  pumping  station  at  an  elevation 
allowing  the  pumping  at  extreme  low  water,  and  made  with  water-tight 
walls  to  prevent  stoppage  by  high  water.  Illustrated.  —Eng.  Rec,  July  27, 
1895,  p.  150. 

WATER  SUPPLY,  The  Massachusetts    Metropolitan   . 

Past  work  and  future  necessities  for  the  supply  of  Boston  and  vicinity. 
Albert  F.  Noyes.  Illustrated.  —Jour.  N.  E.  W.  W.  Assn.,  Vol.  X,  No.  2,  p. 
117  (1895). 

WATER  SUPPLY.  Town . 

A  system  of  bore-hole  wells  advocated,  four  such  wells  being  more  econom- 
ical and  efficient  than  one  large  well.  Advantages  of  operation  and  appli- 
cation of  pumping  machinery  shown.    Henry   Davey.  — Cassier,   Jan.,    1895. 

WATER  TANK,  Elevated  . 

Designed  and  built  for  Fairhaven,  Mass.  Capacity,  383,000  gallons;  cost, 
$19,000.     Illustrated.  —Eng.   News,  Sept.   5,   1895,   p.   155. 

WATER;  the  Consumption  and  Waste  of  . 

Per  capita  rate  of  consumption  for  lr.any  cities,  with  investigation  show- 
ing that  a  large  percentage  is  generally  wasted.  75  gallons  per  capita  per 
day  a  liberal  allowance.  Dexter  Brackett.  "With  discussion.— Trans.  A.  S. 
C.    E.,   Vol.    XXXIV,    No.   3,    pp.    1S5-222  (1895). 

WATER  TUBE   Boilers. 

See  BOILERS. 

WATER,  Underground 

The  development  of  the  underground  flow  or  percolation  as  illustrated  by 
such  works  in  Southern  California.  Interesting  discussion  of  legal  and 
engineering      features.  —Eng.      News,   Feb.   21,    1895. 
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WATERWORKS. 

A  paper  by  B.  Salbach  read  before  the  Engineering  Congress  in  Chicago, 
in  which  that  class  of  water  works  is  discussed  in  which  the  water  is  taken 
from  the  ground  (artesian  wells  or  otherwise)  and  not  from  rivers  and 
lakes.  —Jour.  F.  Gasb.  U.  Wasserv.,  May  4,  1895,  et  seq. 

WATER  AVORKS. 

See  ANCHOR  ICE.  CAST  IRON  WATER  PIPES,  FILTER  BEDS,  FIL- 
TRATION, GAS  ENGINES,  ELECTRIC  POWER,  ELECTROLYSIS,  EN- 
GINES, INTAKE,  IRRIGATION,  LAKES,  METER,  PIPES,  PUMPING 
PLANT,  RESERVOIRS.  STANDPIPES,  STEAM  ENGINE,  STEEL  PIPE 
TESTS,  TUNNEL,  VALVES,  WATER  MAINS,  WATER,  WATER  FILTER, 
WATER  METERS,  WATER  PIPE,  WATER  SUPPLY,  WATER  TANK, 
WATER   TOWER. 

WATER  WORKS. 

See   WATER    SUPPLY. 

WATER    WORKS. 

The  new  gravity  works  of  Portland,  Oregon.  General  description.  — Eng. 
Rec,    Feb.   23,    1895. 

WATER  WORKS  and  Electric  Lighting'. 

Combined  plant,  economically  maintained,  near  Posen.  — Elec.  World,  April 
6,  1895. 

WATER  WORKS  ASSOCIATION,  Convention  of  the  American   . 

Papers  read  on  Niagara  Water  Power;  Water  Supply  and  Fire  Protection 
of  the  World's  Columbian  Exposition;  Kansas  City  case  continued;  Fil- 
tration; Damage  for  Appropriation  of  Streams;  Wells  and  Water  Supply, 
New  Utrecht,  N.  Y. ;  Analysis  of  Public  Water  Supplies;  The  Prevention  of 
Electrolysis  of  Water  Mains  and  Service  Pipes;  Methods  of  Street  Sprink- 
ling, and  Cost;  Proposed  Filtration  and  Purification  of  Mississippi  River 
Water  for  Minneapolis;  Fire  Protection  Lines  ;  Private  Water  Companies; 
Province  of  Ontario;  Electrolysis,  Experience  and  Opinions;  Electrolysis  vs. 
Water   Works    Systems.  —Proceedings  Am.  Water  Works  Assn,  1894. 

WATER  WORKS  ASSOCIATION,  Proceedings  of  the  American   . 

Short  papers  on  pumping,  pipes,  meters,  and  water  supplies,  with  discus- 
sions. Some  valuable  opinions  and  experiences.  — Proceedings  of  the  Assn., 
1895. 

WATER  WORKS  at  Bombay,  India. 

The  Rajkot  wonts,  recently  completed.  R.  B.  Booth.  — Proc.  Inst.  C.  E., 
Vol.  119. 

WATER  WORKS  at  Webster,  Mass. 

Supply  derived  from  a  collecting  well  25  feet  in  diameter  and  30  feet  deep  on 
the  shore  of  Lake  Chaubungungamary.  Stand  pipe,  pumping  plant,  etc. 
Frank  L.   Fuller.  —Jour.    N.  E.    W.  W.  Assn.,  Vol.  IX,  No.  4,  p.  240  (1S95). 

WATER    AVORKS    Anxiliary    Supply. 

Well  and  pumping  station,  with  details,  for  the  water  works  of  Addison, 
N.    Y.    Illustrated.      H.    F.    Labelle.— Eng.  News,  March  14,  1S95. 

WATER  WORKS   Conduit. 

A  sixty  inch  steel  conduit  for  Allegheny,  Pa.  Details  of  the  pipe  and  its 
laying.    Illustrated.— Eng.    News,    Oct.  10,  1895,  p.  234. 

WATER   WORKS    Connections. 

The  use  of  a  tapping  band  on  cast  iron  pipe  for  large  connections.  L.  A. 
Taylor.  —Jour.  N.   E.   W.    W.  Assn.,  Vol.  IX,  No.  4,  p.  229  (1S95). 

WATER  AVORKS;  Electric  Power  Pumps  for  . 

See  ELECTRIC   POWER  PUMPS. 

WATER  AVORKS  for  Small  Cities  and  Towns. 

A  series  of  articles  concerning  surface  water,  river,  lake  and  ground  water 
supplies,  with  principles  and  methods  of  their  use  and  management.  — Eng. 
Rec,  Dec.  21,   1895,  et  seq. 
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WATERWORKS,  Gas  anil  Oil  Engines  for    . 

See  GAS  AND  OIL.  ENGINES. 

WATER   WORKS  Intake. 
See    INTAKE. 

WATER  WORKS  Intake. 

The  submerged  cast  iron  intake  of  Erie,  Pa.  Details  of  the  pipe  and  the 
progress  in  its  laying.  Illustrated.  Walter  C.  Brough.  — Eng.  News,  Dec. 
5,  1S95,  p.  373. 

WATER   WORKS    Intake   at    Milwaukee,  WTis. 

The  completed  work,  consisting  of  an  intake  crib  connecting  by  a  tunnel 
with    the    pumping    station.  —Eng.  Rec,  July  13,  1895,  p.  112. 

WATERWORKS,  in  AVhich  the  Pumps  Are  Moved  by  Gas  or  Gasoline  En- 
gines. 

Lecture  by  M.  Munzel  before  the  society  of  engineers  at  Cologne,  in  which 
very  interesting  data  concerning  this  class  of  water  works  are  given.  The 
paper  is  well  illustrated.  — Ztsch.  Ver.  Ing.,  March  16,  1895. 

WATER  WORKS  of  Asiatic  Constantinople. 

The  dams,  settling  basins,  and  general  works  recently  completed.  Illus- 
trated. —Eng.    Rec,    July    13.    1S95,  p.    115. 

WATER   WORKS    of   Fulda,    Minn. 

Pipe  and  hydrant  system  with  details  of  elevated  tank.  Illustrated.  — 
Eng.  Rec,  Nov.  16,  1895,  p.  438. 

WATERWORKS   of  London. 

An  article  giving  valuable  statistical  information  regarding  the  various 
water  companies  of  London.  —Jour.  F.  Gasb.  U.  Wasserv.,  April  20,  1895. 

WATER   WORKS   of  Lynn,   Mass. 

History  of  the  works  with  description  of  the  pumping  plant  and  general 
system.  With  discussion.  John  C.  Haskell.  —Jour.  N.  E.  W.  W.  Assn., 
Vol.   10,  No.   1,  p.  55  (1895). 

WATER  WORKS   of  Manchester,   N.   H. 

The  general  system,  with  especial  description  of  the  high  service  equipment 
pumped  by  steam  power.  Charles  K.  Walker.  Illustrated.  —Jour.  N.  E. 
W.  W.  Assn.,  Vol.  10,  No.  1,  p.  66. 

WATER    WORKS    of    Moscow. 

Article  by  J.  Vogel,  in  which  both  the  conduit  system  and  the  machinery 
of  the  above  water  works  is  fully  described.  The  article  is  very  fully 
illustrated. — Ztsch.   Ver.   Ing.,   June  22,   1S95. 

WATER  WORKS   of   Xew  Westminster,  British  Columbia. 

Source  in  Coquitlam  Lake,  about  14  miles  from  the  city.  Pipe  lii  e,  reser- 
voir and  distributing  system.  A.  E.  B.  Hill.— Proc  Inst.  C.  E.,  Vol.  CXX1I, 
p.  193  (1895). 

WATER  WORKS  of  Rhinelander,  Wis. 

Water  pumped  from  a  30  ft.  brick  well  to  a  20  foot  stand-pipe,  65  feet  high. 
Illustrated.  —Eng.  Rec,  Nov.  30,  1895,  p.  473. 

WATER  WORKS   of  Rochester,  N.  Y. 

The  present  system,  including  new  and  important  additions.  Full  and  inter- 
esting description,  with  details  of  new  construction,  that  of  the  new  conduit 
being  of  especial  interest  and  value.  Illustrated.  By  Emil  Kinehling,  chief 
engineer.  —Eng.  Rec,  April  13,  1895,  et  seq. 

WATER  WORKS,  Stand  Pipe  and  Tower   at    Scotland,    Pa 

Wooden  tank  of  10,000  gallons  capacity  elevated  120  feet.  Illustrated.  — 
Eng.  Rec,  Nov.  23,  1895.  p.  457. 

WATER  WORKS  of  Syracuse,  N.  Y. 

The  dam  and  intake  at  Skaneateles  Lake,  pipe  line,  reservoir  and  distribu- 
ting system.  Details  of  construction  and  plans.  Illustrated.  William  R. 
Hill.  With  discussion.  -Trans.  A.  S.  C.  E.,  Vol.  XXXIV,  No.  1,  pp.  23-66 
(1895). 
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WATERWORKS  of  the  City  of  Remscheid. 

An  article  by  C.  Tritze  describing  the  enlargement  of  the  above  water  works. 
The  article  is  fully  illustrated  and  gives  many  interesting  details,  both 
from  the  period  of  construction  and  from  that  of  operation.  — Ztsch.  Ver. 
Ing.,  June  1,  1895,  et  seq. 

WATER  WORKS.    Pipe   Valves. 

See  VALVES. 

WATERWORKS.    Report  of  the  Boston  Board. 

Investigation  of  stagnation  of  ponds  and  reservoirs  and  its  effects,  and  of 
electrolysis  of  water  pipe  by  Messrs.  Stone  and  Webster.  — Eng.  Rec,  June 
8,  1895,  p.  26. 

WATER   WORKS    Reservoir. 

See  RESERVOIR. 

WATER  WORKS   Service   Locations. 

The  card  system  of  preserving  them  for  ready  reference.  A.  W.  F.  Brown. 
—Jour.  N.  E.  W.  W.  Assn.,  Vol.  IX,  No.  4,  p.  226  (1895). 

WATER  WORKS,  Some  New  . 

Article  by  E.  Josse,  describing  some  modern  waterworks,  especially  the  en- 
gines and  pumps  for  which  excellent  detail  drawings  are  given.  The  pumps 
shown  are  of  the  most  modern  type.  —Ztsch.  Ver.  Ing.,  March  30,  1895,  et 
seq. 

WATER  WORKS    Standpipe. 

See   STANDPIPE. 

WATER   WORKS   System. 

The  new  Croton  aqueduct  and  storage  system,  giving-  a  general  outline 
of  the  works,  and  details  of  storage  reservoirs,  dams,  aqueducts  &c.  Il- 
lustrated serial.— Eng.   Rec,   Aug.  24,  1895,  p.  223,  et  seq. 

WATER  WORKS   System  of  Manchester,  N.  H. 

Details  of  reservoir  and  pumping  station  of  the  high  service  system.  Illus- 
trated. —Eng.  Rec,  July  20,   1S95,  p. 

WATER   WORKS,   The   Colorado    Springs  . 

Present  works  and  intended  extension  to  draw  the  supply  from  the  Pike's 
Peak  region.  Illustrated.  Arthur  Lakes.  —Eng.  Mag.,  Vol.  X,  No.  2,  pp. 
273-2S5   (1S95). 

WATERWORKS,  The  Ipswich,  Mass.,   . 

General  plans  of  reservoir  and  distributing  system.  Illustrated.  — Eng.  Rec, 
June  22,  1895,  p.  61. 

WATER-WHEEL,  The   Pelton  -— . 

Report  of  the  Committee  on  Science  and  the  Arts  of  the  Franklin  Institute. 
Jour.  Frank.  Inst.,  Sept.,  1895,  p.  161. 

WATER  WORKS;  The  Rajkot   . 

The  three  dams,  mains,  reservoir  and  general  details  of  these  Bombay, 
India,  works.  — Ind.   Engr.,  June   1,   1S95,  p.  321. 

WATER  WORKS,  the  St.  Louis    . 

Discussed  in  the  following  papers:  I.  Historical  Review,  by  M.  L.  Hol- 
man.  II.  Points  of  Interest  in  the  Design  and  Construction,  by  S.  Bent. 
Russell.  III.  New  Machinery,  by  John  A.  Laird.  IV.  Quality  of  the 
Supply,  by  Robert  E.  McMath,  and  V.  Filtration,  by  Robert  Moore.  — 
Jour.    Assn.    Eng.    Socs.,    Jan.,    1895. 

"WEIRS  and  Dam. 

See  DAM. 

WEIRS,  Water  Discharge  Recorder   for . 

An  automatic  recorder  plotting  a  curve  on  a  revolving  drum,  the  ordinates 
representing  discharge.     Illustrated.  —  Lon.  Eng.,  Oct.    25,  1S95,  p.  508. 

WELDING.    Electric   . 

Description,  with  general  discussion  of  the  effectiveness  of  the  weld.  Ben- 
jamin  Alfred   Dobson.  — Proc    Inst.  Mech.   Engs.,   July,    1894. 
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WELDLESS    CHAINS. 

Klatte's  process  of  rolling  weldless  chains  from  a  cross-bar  at  a  rate  of 
from  ten  to  twenty  feet  per  second,  and  then  giving  the  links  their  final 
shape  by  a  second  heating  and  rolling.  Fully  illustrated  account  of  a 
valuable  and  interesting  process.  — Sci.  Am.  Sup.,  Feb.  9,  1895. 

WELDS,  Strength  of   . 

See   IRON   WELDS. 

WELLS  for  "Water  Supply. 

See  WATER  SUPPLY. 

WHEEL  FLANGES   for   Street   Railways. 

Illustrated.  —St.   Ry.   Jour.,  Jan.,   1895. 

WIND  BRACING  in  High  Buildings. 

Discussion  by  several  engineers  of  paper  by  Guy  B.  Waite.  Serial.  — Eng. 
Rec,  June  S,  1895,  p.  30,  et  seq. 

WINDMILL,  Pninping  Power  of  . 

Theoretical  discussion  and  tests  of  different  windmills.  Comparisons  made. 
Illustrated.  E.  C.  Murphy.  —Kansas  Univ.  Quarterly,  Vol.  IV,  No.  2,  pp. 
93-105  (1895). 

WINDMILLS  for  Generating?  Eleetrieity. 

Practical   working   of  ,    by  Lieut.  I.  N.  Lewis.  — Ind.  Engr.,  Jan.  19,  1895. 

WINDMILLS   for  Raising  Water. 

Theoretical  considerations  and  description  of  different  types.  J.  A.  Grif- 
fiths. — Proc.  Inst.,  C.  E.  Vol.  119. 

WIND  Pressure. 

A  very  valuable,  complete  and  extended  discussion,  giving  history,  details 
and  results  of  past  investigations,  comparisons  of  experiments  and  for- 
mulae, recent  practice  and  application  to  engineering  structures,  sug- 
gested lines  of  further  investigation.  The  most  complete  and  reliable 
treatise  on  this  question.  By  Capt.  W.  H.  Bixby.  — Eng.  News,  March  14, 
1895. 

WIND  Pressure,  Experiments  on  . 

Extended  and  valuable  experiments,  by  I.  Irminger,  showing  relative 
amount  of  anterior  rarefaction  at  different  inclinations,  and  relative  pres- 
sures at  different  inclinations,  compared  with  normal  pressure.  —Proc. 
Inst.    C.    E.    Vol.    US.    Abstract,    Sci.  Am.   Sup.,  March  16,   1895. 

WIND  PRESSURE. 

Recent  German  experiments,  indicating  that  normal  pressures  are  much 
less  than  is  generally  supposed,  and  that  the  effect  of  suction  on  the  lee- 
ward side  is  usually  great  and  should  be  considered.  —Eng.  News,  Feb. 
14,   1895. 

WIND.  Velocity  of  . 

The  effect  of  high  velocities  on  structures  probably  40  per  cent,  less  in  fact 
than  usual  formulas  indicate.  Results  of  tests  on  Eiffel  Tower  by  Mr. 
Koechlin.  — Sci.   Am.  Sup.,   Jan.   5,   1S95. 

WIRES  for  Return   Loop   System. 

An  exposition  of  the  formulae  used  for  calculating  sizes.  Edwin  R.  Keller. 
—Jour.    Frank.    Inst.,    Dec,    1895,    p.  455. 

WOOD,   Preservation  of  . 

Older  methods  and  the  modern  creosoting  and  burnettizing  of  wood  ex- 
plained. Cost  and  economy  of  preservation.  —By.  O.  Chanute.  — Cassier, 
Feb.,  1895. 

WOOD,  Preservation  of  . 

The  portable  plant  of  the  Southern   Hcywood. 

and  the  method  of  creosoting  used  at  the  Oakland  Works.  W.  G.  Curtis.  — 
R.  R.  Gaz.,  Feb.  8,  1895.  Sci.  Am.  Sup.,  April  13,  1895.  Fng.  Nenrs,  April  4, 
i  S«.)5. 
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WOOD,  Preservation  of  . 

The  portable  plant  of  the  Southern  Pacific  Railroad  for  tmrnettizing  ties, 
and  the  method  of  creosoting  used  at  the  Oakland  Works.  W.  G.  Curtis. 
R.   R.  Gaz.,  Feb.  8,   1895. 

WOOD  Preservative   Processes. 

See  RAILROAD   TIES. 
WORKSHOPS  at  Kabul. 

Short  description  of  the  engineering  and  ordnance  shops  of  Afghanistan.— 
Ind.  Engr.,  Feb.  9,  1S95. 

WRECKS  and  Strandings. 

Rules  governing  their  regulation  in  France.  Historical  resume  of  laws, 
their  results  and  applications,  and  suggested  lines  of  future  action.  A 
very  extended  discussion  on  the  subject  in  general.  M.  Charguerand.  An- 
nales  des  P.  &  C,  Nov.,  1S94. 

WROUGHT  IRON,  Tests  of    — -. 

See  TESTS. 

WROUGHT    IRON   WORK. 

History  and  description  of  ornamental  wrought  iron  of  the  early  part  of 
this  century,  in  Charleston,  S.  C.  — Am.    Arch.,    March   9,    1S95. 

ZUYDER  ZEE,  Drainage  of  . 

See    DRAINAGE. 


Note.— For  all  government  publications   and  for  information  concerning  them 
addres  <  J.  H.  Hickox,  906  1VI  Street,  West,  Washington,  D    C. 


IRRITATION  Ful,y  an^  care^u,,y  discussed  by  tre 

tnniun  I  lUlw         mos^  conipetent  engineers  of  the  West,  in 

THE  IRRIGATION  AGE,whichistherecog- 

ENGINEERING  mzed  authority  on  all  Western  matters. 
———^^———===—  Monthly,  illustrated.    Sample  copy  free. 

PROBLEMS  PRICE    REDUCED    FROM 

$2.00  TO   $1  00  A  YEAR 

THE  IRRIGATION  AGE 

34  CLARK   STREET  CHICAGO 
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